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EXPLANATIONS OF FIGURE 39. 

STEAM ENGINE. 



For a full description, see page 325 — 333. 

A A The BoUer. 
B B Fire Place. 
X X Flues. 
C C Steam Pipe. 
D D Steam Box. 

Y y The Piston which works in Ihe Cylinder. 

E Steam Pipe to convey Steam to force down the Piston. 

F Steam Pipe to convey Steam to force op the Piston. 

JVbte. See Fig. 40 (on next page) for an enlarged plan of the Steam 

Box, Cylinder, &c. 
Xjt Pipe from Steam Box to the condenser. 
H H The Condenser. 

V and W Cranks to work the Valve II. See Fig. 40. 
X The Eccentric to work the cranks V ahd W 

tj Fly Wheel to equalize the motion of the machinery. 

L L Cistern of Cold Water to condense the steam. 

C Injection Cock to let cold >7ater into the condenser. 

M M Air Pump communicating with the bottom of the condenset. 

N Small Cistern. 

Forcing Pump attached to cistern N. 

P Q R S-, represents a plan (with the exception of one ]pipe) connect- 
ed with the cistern N and the forcing pump O to ascertain the quan- 
tity of water in the boiler— R is k float always resting on the ittrfiice 
of the water in the boiler. 

rp rp rpijg j^^y^^ q. Working Beam. 

1 Piston Rod to work the Piston in the Cylinder. 

2 3 4 Rods to work the Pumps. 

6 Rod to work the Main Shaft, Fly Wheel, and Eccentric. 

6 The Throttle Valve. 

a a b c d represents an apparatus connected with the 'iThrottle Vnlifib 

which tegulates the quantity of steam which enters the cylinder 

from the boiler; it is called the Gotemor. 
e f g h A iyttem of Leven or Rods to cause the parallel motioi^ of the 

Piston Rod. 
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Fig. 40. 

Representing the Cylinder and the Pipes connected wUh the 
Steam Box upon an enlarged settle. 




D.D The Steam Box. 

Z,Z The Cylinder in which the Piston movei. 

£.E Steam Pipe to convey Steam to foice down the PSstoa. 

F.F. Steam Pipe to convey Steam to force up the Piston. 

Y.T Piston fitted to work in the Cylinder. 

O Pipe ftom Steam Box to Condenser. 

I.I A Hollow Sliding Valve. 

C Steam Pipe ^m the Boiler. 

6 Valve 
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BB IT REMEMBERED, That on the second day of Octooer, in 
L. 8 the fifty-firat year of the Independence of the United States of America, 
Oliver D. Coolie 6t Co. of the said District, have deposited in this office 
the title of a Book, the right whereof they claim as proprietors, in the words fol- 
lowing, to wit, " Conversations on Chemistry : in which the elements of that 
science ate fkmiliarly explained and illustrated by experiments, and thirty-eight 
engravings on wood. The tenth American from the eighth London edition, revised, 
corrected, and enlarged. To which are now added, explanations of the text, 
directions for simplifying the apparatus, and a vocabulary of terms ; together with 
a list of interesting experiments. By J. L. Comstock, M. D. Together with a new 
and extensive Series of Q.ue8tions, by Rev. J. L. Blake. A. M." In conformity to 
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CHARLES A. IN6ERSOLL, 
Clerk of the District of Connecticut. 



Digitized 



by Google 



ADVERTISEMENT. 
OP THE AMERICAN EDITOR. 

The iamtliar and agreeable manner in which the ** CoiiTenaijgBa om 
Chemistry " are written, renders this one of the most popular treatises on 
the subject which has ever appeared. The elegant and easy style also, in 
which the authoress has managed to convey scientific instruction is peculiarly 
adapted to the object of the work. 

In some respects, however, the English edition may be considered as 
objectionable. A book designed for the instruction of youth, ought, if 
possible, to contain none but established principles. 

Known and allowed facts are always of much higher consequence than 
theoretical opinions. ^ To youth, particularly, by advancing as ^utlis, doc- 
trines which have arisen out of a theory not founded on (kmonstration, we 
run a chance of inculcating permanent error. 

In these respects we think that Mrs. Bryant has not been sufficiently 
guarded. The brilliant discoveries of Sir Humphrey Davy, and his known 
eminence as a Ciiemical Philosopher, seem in many instances to have given 
his opinions an authority, ^hich, in tlie mind of the writer, superseded further 
investigation. Indeed, inferences are sometimes drawn from these opinions 
which tiiey hardly warrant. Under this view of the subject, a part of the 
notes is designed to guard the pupil against adopting opinions which he will 
find either contradicted, or merely examined by most chemical writers. In 
addition to ^is, I have i^iade such explanations of tlie text as I thought would 
assist the pupil in understanding what he reads. 

In attempting to make this science popular, and of general utility, it is of 
great importance that the experiments come within the use of such instru* 
ments as are easily obtained. I have therefore ^iven such directions on this 
subject, as myfomier experieiice as a lecturer, with a small apparattut, taught 
me to believe would be of service. 

The list of experinoents was chiefly made up without referring to books; 
•ome few of them, however, are copied from Parke, Accum, &c. 

REMARKS BY THE REV. MR. BLAKE. 

The questions^ in the present edition, ar9 placed at the bottom of the sev> 
era] pages to which they relate. This plan has been adopted in tlie Boston 
edition of Conversations on Natural Philosophy, and is become very popular. 
The advantages of it are too obvious to escape observation, and, of course, 
to need being particularized. It ^ill be seen thil the questions are more 
numeroui tluui they were in the two first im|Mressions from this copy. It 
may be siqpposed by persons not acquainted wi^ teaching, that they are too 
Bomeroas, as some of them are repeated in various forms, and others are 
■eemingly unimportant. But it is found necessary tliat scholars should be 
examined, on every page, and upon nearly every paragraph, whether there is 
any thing very important or not. No small portion of learners will. pass 
r without study, all in which they are not to be questioned. Hence w#iat 
' t be called a tytUm of questions would be quite insufficient. 
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PREFACE. 

In venturing to offer to the public, and more partieulariy to the 
female sex, an introduction to Chemistry, the author, herself a 
woman, conceives that some exphmation may be required ; and shB 
feels it tlie more necessary to apologize for the present undertaking, 
as her knowledge of the sulject is but recent, and as she can have 
no real claims to the tkle of chemist 

On attending for the first time experimental lectures, the author 
found it almost impossible to derive any clear or satisfiictory infor- 
mation from the rapid demonstrations which are usuallv, and per- 
haps necessarily, crowded injto popular courses of this kind. But 
frequent opportunities having aflerwards occurred of conversing 
with a friend on the subject of chemistry, and of repeating a variety 
of experiments, she became better acquainted with the principles of 
that science, and began to feel highly interested in its pursuits. It 
was then that she perceived, in attending to the excellent lectures 
delivered at the Royal Institution, by the present professor of Che- 
mistry, the ereat advantage which her previous knowledge of the 
subject, slight as it was, gave her over others who had not enjoyed 
the same means of private instruction. Every fact or experiment 
attracted her attention, and served to explain some theory to which 
^e Was not a total stranger ; and she had the gratification to find 
that the niim«x)us and elegant illustrations, for which that school 
is so much distinguished, seldom failed to produce on her mind the 
efl^t for which they were intended. 

Hence it was natural to infer, that ^miliar conversation was, in 
studies of this kind, a most useful auxiliary source of information ; 
and more especially to the female sex, whose education is seldom 
calculated to prepare their minds for abstract ideas, or scientific 
language. 

As, however, there are but few women who have access to this 
mode of instruction ; and as the author was not acquainted with any 
book that could prove a substitute for it^ slie thought it might be 
useful for beginners, %» well as satisfactory to herself, to trace the 
steps by which she had acquired her little stock of chemical know- 
ledge, and to record, in the form, of dialogue, those ideas which she * 
had first derived fh)m conversation. 

But to do this with sufficient method, and to fix upon a mode of 
arrangement was an object of some difficulty. After much hesita- 
tion, and a degree of embarrassment, which, probably, the most 
competent chemical writers have often felt in common with the 
most superficial, a mode ot division was adopted, which, though the 
most natural, does not always admit of being strictly pursued — it 
is that of treating first the simplest bodies, and then gradually rising 
to the most intricate compounds. 

It is not the author's intention to enter into a minute vindicadon 
of this plan. But whatever may be its advantages or inconvenien- 
ces, the method adopted in this work is such, that a young pupil, 
who should only recur to it occasionally with a view to procure in- 



PREFACE. ▼ 

femiatioii on particular subjects, might often find it obscure or tm- 
satis&ctory ; H>r its various parts are so connected with each other 
as to form an uninterrupted chain of facts and reasonings, which 
will appear sufficiently clear and consistent to those only who may 
have ,p«itience to go through the whde work, or have previously 
devoted some attention to the subject 

It will, no doubt, be observed, that in the course of these Conver- " 
sations, remarks ar&often introduced, which appear much too acute 
for the young pupils, by whom they are supposed to be made. Of 
this fault the author ia fully aware. But, in order to avoid it, it 
would have been necessary either to omit a variety of useful illus- 
trations, or to submit to such minute explanations and frequent 
repetitions, as would have rendiared the work tedious, and therefore 
less suited to its intended purpose. 

In writing these pages the author was more than once checked in 
her progress, by the apprehension that such an attempt might be 
considered by some, either as unsuited to the ordinary pursuits of 
her sex, or ill-justified by her own imperfect knowledge of the sub- 
ject But, on the one band, she felt encouraged by the establish- 
ment ofthose public institutions, open to both sexes, for the dissemi- 
nation of philosophical knowledge, which clearly prove that the 
general opinion no lon^r excludes woman from an acquaintance 
with the dements of science ; and, on the other, she flattered her- 
self that whilst the impression made upon her mind, by the won^ 
ders of Nature, studied in this new point of view, were still fi^esh 
and strong, she might perhaps succeed the better in communicating 
to others the sentiments she herself experienced. 

The reader will perceive, in perusing this work, that he is si^- 
posed to have previously acquired some slight knowledge of Natu 
fal Philosophy, a circumstance so desirable, that the author haS; 
mce the ori^al publication of this work, been induced to ofler tc 
the public a small tract, entitled '< Conversations on Natural Phi 
tosophy," in which the most essential rudiments of that science are 
familiarly explained. 
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CONVERSATION L 

ON THE eENERAI. PRINCIPI.ES OF CHEMISTRY. 

Mrs^ B, As you have now acquired some elementary notions 
«f Naturai, Philosophy, I am going to propose to you anotjier 
branch of science, to which I am particularly anxious that you 
should devote a share of your attention. This is Chemistry, 
which is so closely connected with Natural Philosophy, that tiie 
study of the one must be incomplete without some' Isiowlectge of 
the other ; foe, it is obvious- that we can derive but a^very imperfect 
idea of bodies from the study of the general laws by which they are 
governed, if we remain totally ignorant of their intimate nature. 

Caroline. To confess the truth, Mrs. B., I am not disposed to 
form a very favorable idea of Chemistry, nor do I expect to derive 
much entertainment from it. I prefer the sciences which exhibit 
nature on a grand scale, to those that are confined to the minutiae 
of petty details. Can the studies which we have lately pursued, 
the general properties of matter, or the revolutions of the heavenly 
bodies, be compared to the mixing up of a few insignificant drugs ? 
I grant, however, there may be some entertaining experiments in 
Chemistry, and should not dislike to try some of them ; the distil- 
ling of lavender, for instance, or rose water.... 

Mrs. B. I rather imagine, my dear Caroline, that your want of 
taste for chemistry proceeds from the very limited idea you enter- 
tain of its object. You confine the chemist's laboratory to the nar- 
row precincts of the apothecary's and perfumer's shops, whilst it is 
subservient to an immense variety of other useful purposes. Be- 
sides, my dear, chemistry is by no means confined to works of art. 
Nature slIso has her laboratory, which is the universe, and there she 
is incessantly employed in chemical operations. You are surprised, 
Caroline ; but I assure you that the most- wonderful and the most 

1. With what other study is that of chemistry cicely connected ? 

2. Why is the study of Natural Philosophy incomplete withou^ 
that of Chemistry ? 

3. What does Mrs. B. consider a chemical laboratory, in its mos^ 
extended signification ? 
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int^esting phenomena of nature, and almost all of them produced 
hy chemical powers. What BerG^man, in the introduction to his 
history of chemistry, has said of this science, will give you a more 
just and enlarged idea of it. The knowledge of nature may be divi- 
ded, he observes, into three periods. The first is that in which the 
attention of men is occupied in learning the external forms and 
characters of objects, and this is called Natural History. In the 
second, they consider the effect of bodies acting on each other by 
their' mechanical power, as their weight and motion, and this con- 
stitutes the science of Naturd Phtlosoph/, The third period is 
that in which the properties and mutual action of the elementary 
partly of bodies are mvestigfated. This last is the science of Chem- 
istry, and I have no doubt you will soon agree with me in think- 
ing it the most interesting. 

You may easily conceive, therefore, that wi,thout entering into, 
the minute details of practical chemistry, a woman may obtaiin sucH 
a knowledge of the science as will not only throw an interest on 
the common occurrences of life, but will enlarge the sphere of her 
ideas, and render the contemplation of nature a source of delight- 
ful instruction. , 

Qtrohne. If this is the case, I have certainly been much mista-^ 
ken in the notion I had formed of chemistry. I own tiiiat I bought 
it was chiefly confined to the knowledge and preparation of m^lir 
cines. 

Mrx. B, That is only a branch of Chemistry whidi is called 
Pharmacy, and though the study of it is, no doubt, of great import- 
a,nce to the world at laree, it belongs exclusively to professional 
men, and is therefore the last that I should advise you to pursue. 

Emify. But did hot' the chemists formerly employ themselves in 
search of the philosopher's stone, or the secret of making gold ?^ 

* The Alchyniists had in vie^y three great objects of discovery, 
viz. 1st. The JSUxir of health; by the use of which the lives of men 
might be protracted to any desirable length, or their mortality pre- 
vented. 2d. The universal solvent, or a liquid which should dis-. 
solve every other substance. This, it was supposed, would lead to 
the grand discovery. 3d. The making of ^old or finding the ;>Zi- 
losopher^s stone. That men of sound and discriminating minds on 
other subjects should have spent their' whole lives in pursuits so 
chimerical, is to us wonderful indeed. But our wonder ceases in 
some degree, when we are told that the doctrine of transmutation, 
&c. was found on a Theory, which, in the 12th century, was con- 
sidered as plausible as we consider many of ours at the present 
lay, viz. That a perfect metai consisted of quicksilver and sulphur;. 

4. To what author does Mrs. B. allude in her introductory re- 
marks? 

5. Into how many periods does Bergman divide the knowledge of, 
nature ? 

6. What is the first? 

7. What is the second ? 

8. What is the third.? 

9. What is that branch of chemistry called Pharmacy ?. 
' K). JVhat, three great objects had the Alchymists in view 9 
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Mrs, B, These were a particular set of misgiiided philosophers, 
^ho d^iiified themselves with the name of Alchymists, to distrnguish 
^eir pursuits from those of the common chemists, whose studies 
were confined to the knowledge of medicines. 

But since that period, chemistry Jias undergone so complete a 
levolution, that, from, an obscure and mysterious art, it is now be- 
come a regular »id beautiM science, to which art is entirelv^ sub- 
servient. It is true, however, that ^e are indebted to the Alchy* 
ndsts for many very useful discoveries, which sprung from Uieir 
fruitless attempts to make gold, and which, undouotedly, have pro- 
Ted of i[nfinitely greater advantage to mankind than all their chi- 
pierical pursuits. 

The modera chemists, instead of directing their ambition to th<i 
vain attempt of producing any of the original substances in nature, 
rather aim at analyzing and imitating ner operations, and have 
sometimes succeed^ in forming combinations, or effecting decom- 
positions, no instances of which occur in the chemistry of Nature. 
They have little reason to regret their inability to make gold, whilst 
by their innumerable inventions and discoveries, they have so great-. 
ly stimulated industry and facilitated labor, as prodigiously to in- 
crease the luxuries as well as the necessaries of life. 

EfpHy. But I do not understand by what means chemistry can 
l^ilitate labor ; is not that rather the province of the mechanic ?; 

Mrs, B. There are many wayj^ by which labor may be render- 
ed more easy, independently of mechanics ; but mechanical in- 
ventions themselves, often derive their utility from a chemical priuj- 
ciple. Thus that most wonderful of all machines, the Steam En-- 
gine, could never have been invented without the assistance of 
chemistry. In agriculture, a chemical knowledge of the nature of 
soils, and of vegetation, is highly useful ; and m those arts which 
re^te to the comforts and conveniences of life, it would be endless 
to enumerate the advantages which result from the study of this 
science. 

Caroline. But pray, tell us more precisely in what manner tha 
discoveries of chemists have proved beneficial to society ? 

these, when pure and united, formed gold. That all other metals 
contained a quantity of dross, which prevented the particles of these, 
two substances from uniting. If, therefore, this, dross could be got, 
rid of in the other metals, gold would be the result.. They believed, 
also, that nature herself favored this operation. Thus Friar Ro- 
ger Bacon, in kis Mirror of Alchymy, says, " I must tell you that 
nature alwaies intendeth and striueth to the perfection of gold ; but 
ipany accidents coming between, change the mettalls," &c. See 
his Book printed in 1597, chap. ii. — C. 

11. Who were formerly called Alohymisls? 

12. Why did they assume this name ? 

13. What is the object of modem chemistry ? 

14. Can chemistry afford any assistance in manual labor ?• 

15. What are instances of it ? 

16. How is chemistry serviceable in agriculture ? 

17. What opinion is said in the note, to have prfsvaiUd in the 12tki 
cpOury in relation to metals. ? 
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Mrs, B, That would be an injudicious anticipation ; for you 
would not comprehend the nature of .such discoveries and useful ap^ 
plications, as well as you will do hereafter. Widiout a due regard 
to method, we cannot expect to make any progress in chemistry. 
I wish to direct your observation chiefly to the chemical opera- 
tions of Nature ; but those of art are certainly of too high impor- 
tance to pass unnoticed. . We shall therefore allow them also some* 
share of our attention. 

JE^mily, Well, then, let us now set ta work regularly. I am Yesj 
amxious to begin. 

Mrs, B. The object of chemistry is to obtain a knowledge of the 
intimate nature of bodies, and their mutual action on each other. 
You find, therefore, Caroline, that this is no narrow or confined 
science, which comprehends every thing material within ouar 
sphere. 

Caroline, On the contrary, it must be inexhaustible ; and I am 
at a idtss to conceive how any proficiency can be made in a science 
whose objects are so numerous. 

Mrs, n. If every individual substance were formed of different 
msy;erials, the study of chemistry would, indeed, be endless ; but 
you must observe that the various bodies in nature, ate composed 
of certain elementary principles^ which are not very numerous. 

Caroline, Yes ; I Imow that all bodies are composed of fire, ab, 
earth, and water ; I learnt that many years ago. 

Mrs, B, But you must now endeavor to forget it. I have al- 
ready informed you what a great change chemistry has undergone 
since it has become a regular science. Within these thirty years 
especially, it has experienced an entire revolution, and it is. now 
proved that neither fire, air, earth, nor water, can be called element 
tary^ bodies. For an elementary body is one that has never been 
decomposed, that is to say, separatee into other substances ; and 
fire, air, earth,, and water, are all of them susceptible of decompo- 
sition. 

Emihj. I thought that decomposing a body was dividing it into 
its minutest parts. And if so, I do not understand why an elemen^ 
tary substance is not capable of being decomposed, as well as any 
other. 

Mrs. B. You. have misconceived the idea of decomposition; it is 
very different from mere division. The latter simply reduces a 
body into parts, but the former separates it into the various ingre- 
dients, or materials, of which it is composed. If we were to take 
a loaf of bread. and- separate the several ingredients of which it is 
made, the flour, the yeast, the salt, and the water, it would be very 
different from cutting or crumbling the loaf into pieces. 
Emily. I understand you now very well. To decompose a body 

18. To what does Mrs. .B. say it is necessary to pay regard in th^- 
study of chemistry ? 

19. Of what are the various bodies in nature composed ? 

20. Of what was it formerly thought they were composed ? 
SI. What is an elementary body ? 

22. What is the difference between division and decompositioiK*- 
^i What are instances of decomposition.? 
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k to separate firom each other the various elementary Bubstaaoes 
of which it consists. 

CaroUne. But flour, water,- and other materials of bread, accord- 
ing to your definition, are not elementary substances. 

Mrs. B. No, my dear ; I mentioned bread rather as a ^uniliar 
comparison to illustrate the idea, than as an example. 

The elementary substances of which a body is composed are 
called the constituent parts of that body ; in decomposing it, ^ere- 
fbre, we separate its constituent parts. If, on the contrary, we di- 
vide a body by chopping it to pieces, or even by grinding or pound- 
ing it to the finest powder, each of these small particles wul still 
consist of a portion of the several constituent parts of the whole 
body : these are called the integrant parts ; do you understand ^e 
difference ? 

Emily, Yes, I think perfectly. We decompose a body into its 
constituent parts ; and divide it into integram parts. 

Mrs, B. Exactly so. If, therefore, a body consists of only one 
kind of substanee, though it may be divided into its integrant parts, 
it is not possible to decompO&e it. Such bodies are therefore call- 
ed simple or elementary, as they are the elements of which all other 
bodies are composed. Compound bodies are such as consist of more 
than one of these elementary principles. 

Caroline, But do not fire, air, earth, and water, consist each of 
them, but of one kind of substance ? 

Mrs, B, No, my dear : they are every one of them susceptible 
of being separated into various simple bodies. Instead of four, 
chemists now reckon no less than fifty-seven elementary «ub- 
stances. The existence of most of these is established by the 
clearest experiments ; but, in regard to a few of them, particularly 
the most subtle agents of nature, heat, light, and electricity, there 
is yet much uncertainty, and I can only give you the opinion which 
seems most probably deduced from the latest discoveries. After I 
haf e ^ven you a list of the elementary bodies, classed according 
to their properties, we shall proceed to examine each of them sepa- 
rately, and then consider them in their combinations with' each 
other. 

Except the more general agents of nature, heat, light and elee* 
tricity, it would seem that the simple form of bodies is that of a 
metal.* 

CaroUne, Ton astonish me ! I thought the metals were only one 

* No actual discovery makes this probable. It is supposing that 
all the gases, as oxygen, hydrogen, &c., as well as phosphorus, sul- 
phur, and carbon, and several other substances are in part com- 
posed of a metal, and yet not one among this number are Known to 
have metallic bafies.-^. 

S4. What are the eanstituent parts of a body ? 
85. What aie integrant p&rts of a body ? 
96. How may compouna bodies be defined ? 

27. How many elementary substances are there ? 

28. Concerniilg which three of them is there much uncertainty? 

29. How is it proposed to examine these elementary substaacet? 
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class of minerals, and that there were besides, earths, stones, rocks, 
acids, alkalies, vapors, fluids, and the whole of the animal and 
vegetable kingdoms. 

Mrs, B, You have made a tolerably good enumeration, though I 
fear not arranged in the most scientific order. All these bodies, 
however, it is now strongly believed, may be ultimately resolved 
into metallic substances.* Your surprise at this circumstance is 
not singular, as the decomposition of some of them, which has been 
but lately accomplished, has excited the wonder of the whole philo- 
sophical world. 

But to return to the list of simple bodies — ^these being usually 
found in combination widi oxygen^ I shall class them according to 
their properties when so comWned. Iliis will, I think, fecilitate 
their luture investigation. 

Emily, Pray what is oxygen ? 

Mrs, B, A simple body ; at least, one that is supposed to be so, 
as it has never been decomposed. It is always found united with 
the negative electricity. It will be one of the first ^ the elementa- 
ry bodies, whose i)roperties I shall explain to you, and, as yoti will 
soon perceive, it is one of the most important in nature ; but it 
woula be irrelevant to enter upon this subject at present. We 
must now confine our attention to the enumeration and dassifica* 
tion of the simple bodies in general. They may be arranged as 
follows : 

CLASS I. 

Comprehending the imponderable agents, i)iz.\ 

HSAT OR CALOBJC, 

XilGHT, 

ELKdTRICITY, 

CLASS II. 

Comprehendir^ agents capable of uniting with inflammable 
bodies, and in most instances of effecting their combustion. 

OXTGEir, 
CHLORINE, 
lODIKE f 



• Three of the alkalies only are known to have metallic bases. 

f A majority of the most learned Chemists, it is believed, have 
doubted whether Chlorine and Iodine were supporters of combu9> 
tion, any further than they contain oxygen.— C. 

30. "With what are simple bodies usually found in combination ? 

31. With what are they always found united? 

32. Which of the elementary substances are included in the first 
usf . ' 

33. What one does the second class include ? 

34. fF%atmtm^<>f t^a2^M^areAm0tontoAavefft«eaUie6a«e#' 
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CLASS III. 

Comprehending bodies capable of uniting with oxygen, and 
forming with it various compounds. This class may be 
divided as follows : 

DIVISION 1. 

HYDROGEN, forming water. 

DIVISION 2. 

Bodies forming acids. 



NITROGEN, . 

SUIiPHUR, 

PHOSPHORUS, 

CARBON, 

BORACIUM, . 

FLUORIUM, . 

MURIATIUM, 



forming nitric acid. 
forming sulphuric acid. 
forming phosphoric acid. 
forming carbonic acid. 
forming boracic acid. 
forming fluoric acid. 
forming muriatic acid. 



DIVISION 3. 



Metallic bodies forming alkalies. 
POTASSIUM, . . . forming potash. 
SODIUM, .... forming soda. 
AMMONIUM, . . forming ammonia. 
LITHIUM, . . . forming lithina.* 



Metallic 
CALCIUM, or 

MAGNIUM, 

BARIUM, . 

STRONTIUM 

SILICIUM, 

ALUMIUM^ 

YTTRIUM, 

GLUCIUM, 

ZIRCONIUM, 

THORNIUM, 



DIVISION 4. 

bodies forming earths, 
metal forming lime. 

forming magnesia. 

forming barytes. 

forming strontites. 

forming silex. ■ 
, forming alumine. 
, forming yttria. 
, forming glucina. 
. forming zirconia.f 
. forming thorina.| 



* This fourth alkali was discovered by Mr. Arfundson, a Swedish 
chemist, so recently as the year 1818. 

f Of all these earths three or four only have as yet been distinct- 
ly decomposed. 

"i^Thorina, a new earth discovered by Berzelius in 1816, in a 
mineral composed of fluoric acid and cenum. 

35. What one makes the first division of the third class f 

36. What ones make the second division of the third class ? 

37. What ones make the third division of the third class ? 

38. What ones make the fourth division of the third class ? 
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Divisioir 5. 

« 

Mdah, either naturally metallic^ or yulding their oxygen to 
carton or to heat alone, 

SXTBDIYISIOX 1. 

Malleable Metah, 

GOLD, COPPER, 

PLATIKA, IRON, 

PALLADIUM, . LEAD, 
SILVER,* •* IVICKEL, 

MERCURT,f ZINC, 

TIN, CADMIUM.^ 

ftXJBDIY. 2. 

Brittle Metals. 

ARSENIC, ANTIMONY, \ 

BISMUTH, MANGANESE, 

S^LENIUM,^ URANIUM, 

TELLURIUM, CPLUMBIUM OT TANTALUM, 

COBALT, IRIDIUM, 

TUNGSTEN, OSMIUM, 

MOLYBDENUM, RHODIUM, 

TITANIUM, CERIUM. II 

CHROME, 



* These first four metals have commonly been distinguished by 
the appellation of perfect or noble metals, on accomit of their j)os- 
sessing the characteristic properties of ductility, malleabili^, in- 
alterability, and i^eat specific gravity, in an emment degree. 

+ Mercury, in its liquid state, cannot, of course, be called a mal- 
leable metal. But when frozen, it possesses a considerable degree 
of malleability. 

% A metal resembling tin ; which was discovered in 1819, in an 
ore of jinc, by Mr. Stromeyer. 

^ Selenium was discovered a few years ago by Berzelius, in the 
ferruginous pyrites of Fahlun, of Sweden. It has the metallic lus- 
tre, but it does not conduct electricity, and is but a bad conductor 
of caloric. It passes to the state of oxide and acid, so that it mig[ht 
perhaps more strictly be classed with sulphur. It may be distin- 
guished by the smell of its vapor, which is that of horse radish. 

II These four or five metallic bodies are placed under this class for 
the sake of arrangement, though some of their properties have not 
been yet fully investigated. 

39. What ones make the first part of the fifth division in the third 
class? 

40. What ones make the second part of the fifth division in the sec- 
ond class ? ' 

41. Why have gotd, pUUina, palladium, and silver been called perfkU 
arnoble metals f 
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CaroHne. Oh, what a formidable list ! you will have mnch to do 
to explain it, Ate. B. ; for I assure you it is perfectly unintelli^ble 
to me, and I think rather perplexes than assists me. 

3^8, B. Do not let that alarm you, my dear, I hope that hejea^ 
ter this classificatiqn will appear quite clear, and, so far firom per- 
plexing you, will assist you in arranging your ideas. It would be 
in vain to attempt forming a division that would appear perfectly 
clear to a beginner ; for you may easily conceive tnat a chemi<^ 
division being necessarily founded on properties with which you are 
almost wholly unacquainted, it is impossible that you should at <mce 
be able to understand its meaning or appreciate its utility. 

But, before we proceed further, it wl be necessary to give you 
some idea of chemical attraction, a power on which the whole sci- 
ence de|>ends. 

Chemical Attraction^ or the Attraction of Composition, consists in 
the peculiar tendency which bodies of a different nature have to 
unite with each other. It is by this force that all the compositions, 
and decomposition^ are efiected. 

Emity. What is the difierence between chemical attraction, and 
the attraction of cohesion or of aggregation, which you often men- 
tioned to us m former conversations ? 

Mrs, B. The attraction of cohesion exists only between particles 
of the same nature, whether simple or compound ; tltus it unites the 
particles of a piece of metal which is a simple substance, and like- 
wise the particles of a loaf of bread which is a compound. The at- 
traction of composition on the contrary, unites anci maintains, in a 
state of combmation, particles of a dissimilar nature ; it is this pow- 
er that forms each of the compound particles of which bread con- 
sists ; and it is by the attraction of cohesion that all these particles 
are connected into a single mass. 

Emihf, The attractionof cohesion, then, is the power which unites 
the integrant particles of a body ; the attraction of composition that 
which combines the constituent particles. Is it not so ? 

Mrs, B, Precisely ; and observe that the attraction of cohesion 
onites particles of a similar nature, without changing their ori^nal 
properties ; the result of such an union, thereforCj, is a body of the 
same kind as the particles of which it is formed ; whilst the attrac- 
tion of composition, by combining particles of a dissimijax nature, 
produces compound bodies, quite dinferent from any of their constit- 
uents. If, for instance, I pour on the piece of copper, contained in 
this glass, some of this liquid j( which is called nitnc acid,) for which 
it has a strong attraction, eVeiy particle of the copper will combine 
mth a particle of acid, and together they will form a new body, to- 
tally dissent from either the copper or the acid. 

42; Why do the divisions in chemical science appear unmeaning to 
the young student? 

43. What is chemicKl attraction or the attraction of composition ? 

44. What is the difference between chemical attraction and the at- 
tiaction of cohesion ? 

45. What is the experiment mentioned as illustrating chemical «t- 
Inetkm? 

46. What will be the result if copper and nitric acid are pot to* 
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i)o you observe the internal commotion that aLready begins ta 
take place ? It is produced by the combination of these two sub- 
stances,* and yet tne acid has, in this case, to overcome not only the 
resistance which the strong cohesion of the particles of copper op- 
poses to their combination with it, but also to overcome the weight 
of the copper, which makes it mik to the bottom of the glass, and 
prevents the acid from having such free access to it as it would it 
the metal were suspended in the liquid. 

Emily, The acid seems, however, to overcome both these obsta- 
cles without difficulty, and appears to be very rapidly dissolving the 
copper. 

mt3, B. By this means it reduces the copper into more minute 
parts than could possibly be done by any mechanical power. But 
as the acid can act only on the surface of the metal, it will be some 
time before the union of these two bodies will be completed. 

You may, however, already see how totally different this com- 
pound is from either of its ingredients. It is neither colorless, like 
the acid, nor hard, heavy, and yellow like the COT)per. If you tasted 
it, you would no longer perceive the sourness of the acid. It has at 
present the appearance of a blue liquid ; but when the union is com- 
pleted, and the water with which the acid is diluted, is evaporated, 
the compound will assume the form of regular crystals of a fine 
blue color, and perfectly trjuisparent.f Of thetse I can show you a 
specimen, as I have prepared some for that purpose. 

Caroline, How beautiful they are in color, form, and transpa- 
rency ! 

Ihnlf/, Nothing can be^more striking than this example of chem- 
ical attraction. 

Mrs. Bi The term attraction has been lately introduced into 
chemistry as a substitute for the word affinity, to which some chem- 
ists have objected because it originated* in the vague notion that 
chemical combinations depended upon a certain resemblance, or 
relationship, between particles that are disposed to unite ; and this 

* This hardly explains the process. A part of the oxygen "of the 
nitric acid unites with the copper ; and in consequence of this loss 
of oxygen, the nitric acid is converted into nitrous gas* It ie the 
escape of this gas through the water as it is formed that occasions 
the commotion. — C. 

t These crystals are more eawly obtained from a mixture of sul- 
phuric with a little nitric acid.| 

J These crystals are stdphat of copper, or what is commonly 
known under the name of Mue vitriol. — C. 



47. What has the acid in this experiment to overcome ? 

48. On what part of a metal can the acid operate in this experi- 
ment? *^ 

49. What if the appearance of the compound substance thus formed 
of copper and nitric acid ? . ■ 

50. In the place of what term has chemical attraction been uvb^^ 
Utted? 

61. What is said in the note to produce the eommotian when copper and 
miric add are put together f 
52. Wbat was the objection to the term afimity ? 
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idea is not only impeifect but erroneous, as it is generally partides 
of the most dissimilar nature, that have the greatest tendency to 
combine. 

Caroline, Besides there seems to be no advantage in using a va- 
riety of terms to express the same meaning ; on the contrary, it 
creates, confusion ; and as we are well acquainted with the term 
Attraction in natural philosophy, we had better adopt it in chemis- 
try, likewise. 

Mrs, B. If you have a cl^ar idea of the meaning, I shall leave 
you at liberty to express it in the terms you prefer. For myself, 
I confess that I think tiie word Attraction best suited to the gen- 
eral \a.v^ that unites the integral particles of bodies ; and Aflinity 
better adapted to that which combines the constituent particles, as 
it may convey an idea of the preference which some bodies have 
for others, wnich the term aitraction of composition does not so well 
express. 

Eamly, So I think ; for though that preference may not result 
firom any relationship, or similitude, between the particles (as you 
say was once supposed,) yet as "it really exists, it ought to be ex- 



Mrs, B. Well, let it be agreed that you may use the terms affini- 
ty^ chemical attraction, and attraction of composition, indifierently, 
provided you recollect that they have all the same meaning. 

Emily. I do not conceive how bodies can be decomposed by 
chemical attraction. That this power should be the means of com- 
posing them is very obvious ; but that it should at the same time, 
produce exactly the contrary effect, appears to me very singular. 

Mrs. B, To decompose a body is, jou know, to separate its con- 
stituent parts, which, as we have just observed, cannot be-done by 
mechanical means. 

Emily. No ; because mechanical means , separate only the inte- 
grant particles; they act merely against the attraction of cohesion, 
aad only divide a compound into smaller parts. 

Mrs. B. The decomposition of a body is performed by chemical 
powers. If you present to a body composed of two princmles, a 
third, which has a greater affinity tor one of them than the two first 
have for each other, it will be decomposed, that is, its two principles 
will be separated by means of the third body. Let us call two in-» 
gredients, of which the body is composed, A and B. K we wesent ' 
to it another ingredient C, which has a greater affinity for B than' 
that which imites A and B, it necessarily follows that B will quit A^ 
to combine with C. The new ingredient, therefore, has effected a" 
decomposition of the original body A B ; A, has been left alone, and 
a new compound B, C, nas been formed. 

Emily. We might, I think, use the comparison of two fiiends, 
"wlio were very happy in each other's society, till a third disunited 
them by the preference which one of them gave to the new comer. 

53. Why does Mrs. B. prefer the term affinity ? 

54. By what means can decomposition be efiected? 

55. How can a compoundbody be decomposed ? 

^. Whfit illttstr^on is given of tbe manner of deComposinf a 
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Mrs. B. Very well. I shall now show you how this takes pbM 
in chiBmistry. 

Let ns suppose that we wish to decompose the compound we have 
just formea oy the combination of the two insredients, copper and 
nitnc acid ; we may do this by presenting to it a piece of iron, for 
which the acid has a stronger attraction than for copper ; the add 
will, consequently, quit the copper to combine with the iron, and 
the copper will be what the chemists call precipitated, that is to say, 
it will be thrown down in its separate state, and reappear in its 
simple form. 

In order to produce this effect, I shall dip the blade of this knife 
into the, fluid, and when I take it out, you will observe that instead 
of being wetted with a bluish liquid, like that contained in the glass, 
it will be covered with a thin coat of copper. 

CaroUne, So it is really ! but then is it not the copper instead of 
&e acid, that has combined with the iron blade ? 

Mrs. B. No ; you are deceived by appearances ; it is the acid 
which combines with the iron, and in so aoing, deposites or precipi* 
tates the copper on the surface of the blade. 

EmUy. But cannot three or more substances combine together, 
without any of them being precipitated ? 

Mrs. B. That is sometimes ^e case ; but in general, the strong- 
er affinity destro3rs the weaker ; and it seldom happens that the at- 
traction of several substances for each other is so equally balanced 
as to produce such complicated compounds.* 

CaroUne. But pray, Mrs. B. what is the cause of the chemical 
attraction of bodies for each other ? It appears to me more extraor- 
dinary or unnatural, if I may use the expression, than the attrac- 
tion of cohesion, which unites particles of a similar nature. 

Mrs. B. Chemical attraction may, like that of cohesion or grav- 
itation, be one of the powers inherent in matter, which, in our 
ptesent state of knowledge, admits of no other satisfactory expli^ 
nation than an immediate reference to a divine cause. Sir H. Da- 
vy, however, whose important discoveries have opened such im- 
proved views in chemistry, has suggested an hypothesis which may 

* Such compounds are quite numerous. They are called triple 
salts. Alom is one. It is composed of alumine, potash and sulphu- 
ric acid. Tartar Emetic is another. It. is composed of tartaric 
add, potash and antimony. — C. 

57. How can the snbstance formed of copper and nitric add be de^ 
composed ? 

58. Why will decomposition take place on the application of iron ? 

59. What is precipitation ? 

60. If it is the acid which combines with the iron, why is the iifno 
covered with a thin coat of copper in this experiment ? ^ 

61. Do more than two simple substances ever unite in forming tha 
same compound ? 

62. What are siich compounds called f 

63. What are instances of them f 

64. What is one of the powers in addition to those mentioned by 
philosophers which may be considered as inherent in bodies ? 
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tlirow great liffht n|>on that science. He supposes that there axe 
two kinds of electricity, with one or other of which all bodies are 
united. These we distinguish by the names of positive and nega- 
tive electricity ; those homes are disposed to combine, which pos- 
sess opposite electricities, as they are brought together by the at- 
traction which these electricities hare for each other. But, whether 
this hypothesis be altogether founded on truth or not, it is impossi-. 
ble to question the great influence of electricity in chemical com- 
binations. 

JBmify, So, that we may suppose that the two electricities, al- 
ways attract each other, and thus compel the bodies in which they 
exist to combine?* 

CaroUne. And may not this also b^ the cause of the attraction of 
cohe^on ? 

Mrs. B. No, for in particles of the same nature, the same elec- 
tricities must prevail, and it is only the different or opposite elec- 
tric; fluids that attiact each other. 

Caroline. These electricities seem to me to be a kind of chemi- 
cal spirit which animates the particles of bodies, and draws them 
together. 

Emily. If it is known, then, with which of the electricities bod- 
ies are united, it can be inferred which will, and which will not 
combine together? 

Mrs. B. Certainly. — ^I should not omit to mention, that some 
doubts have been entertained, whether electricity be really a ma- 
terial a^ent, or whether it might not be a power inherent in bod- 
ies, similar to, or perhaps identical with attraction. 

* There seems to be an objection to this theory as explained here. 
When two bodies, one in the positive, tlw other m the negative state 
of electricity, lure presented to each other, a mutual attraction takes 
place, until they touch, or come within the striking distance, so 
that the electric fluid can pass from the poutive to the negative 
body. When this is effected, they are said to be in a state of equi- 
libnum, or in the same state of electricity, and consequently, nd- 
ther attract nor repel each other. If, therefore, chemical attrac- 
tion depends on the diflferent electrical states of the particles, we 
are still at a loss how to account for their adhesion even after they 
are united. The celebrated Kepler accounted for the affinity of 
particles by supposing each to have its likings and its antipathies, 
and the power of choosing accordingly. This theory only wants 
our belief to make it satisSctory. — C. 

65. How many kinds of electricity are there, and what are they 
called? 

66. What does Mrs. B. think has a great influence in effecting 
chemical combinations? 

67. What is said of electricity in the note f 

68. What difficulty arises it we suppose chemical attraction to de- 
pend upon the different states of the particles? 

69. How does Kepler account for the affinity of particles ? 

70. What doubts does Mrs. B. mention as having been entertained 
concerning electricity ' 

3* 
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Endfy. Bat what, then, would be the electric sjwark ii^hieh k lis* 
ible, and must, therefbre, be really material ? 

Mrs. B, What we call the electric spark, may, Sir H. Davy says . 
be merely the heat and light, or fire produced by the chemica^ 
combinations with which these phenomena are always connected. 
We win not, however, enter more fully on this important subject 
at present, but reserve the principal facts which relate to it to a 
future conversation. 

Before we part, however, I must recommend you to fix in your 
memory the names of the simple bodies against our next interview. 



CONVERSATION H. 

OH LIGHT AND HEAT, OR CALORIC. 

CaroUne, We have learned by heart the names of all the simple 
bodies which you have enumerated, and we are now ready to enter 
on the examination of each of them successively. You will begin, 
I suppose, with light ? 

Mrs, B. Respecting the nature of light we have little more than 
conjectures. It is considered by most philosophers as a real sub- 
stance immediately emanating from the sun, and from all luminous 
bodies, from which it is projected in right lines with prodigious ve- 
locity. Light, however, beinff imponderable, it cannot be confined 
and examined by itself: and merefore it is to the effects it prodt^ 
oes on other bodies, rather than to its immediate nature, that we 
must direct our attention. 

The connexion between light and heat is very obvious ; indeed, 
it is such, that it is extremely difficult to examine the one inde- 
pendently of the other. 

Emily. But is it possible to separate light from heat ? I thought 
they were only different degrees of the same thin^, fire. 

Mrs. B. I told you that fire was not now considered as a simple 
element. Whether lig^ht and heat be altogether different agents, or 
not, I cannot pretend to decide : but, in many cases, light may be 
separated from heat. The first discovery of , this was made by a 
celebrated Swedish chemist, Scheele. Another very striking illus- 
tration of the separation of heat and light was long afler pointed 
out by Dr. Hers<Jiell. This philosopher discovered that these two 
agents were emitted in the rays of the sun, and the heat was less 

71. If electricity i^ a power inherent in bodies, what would the 
electric spark be which is visible, and therefore mast be really mate- 
rial? 

72. What do most philosophers consider light ? 

73. With what is light obviously connecteci .' 

74. Can lifirht and heat be separated ? 

75. Who first discovered that th«y are not inseparably connected ' 
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^^fefrsngible than %lit ; for, in separating the different colored rami 
of light by a prism, (as we did some time a|o,) he found that tM 
greatest heat was beyond the spectrum, at a little distance from the 
red rays, which, you may recollect, are the least refirsmgibh^. 

Hmfy, I should like to try the experiment. 

Mrs. B. It is by no means an easy one ; the heat of a ray of light 
refracted by a prism, is so small, that it requires a Tery delicate ther- 
mometer to distinguish the difierence of ihe degree of heat within 
and without the spectrum. For in this experiment, the heat is not 
totally separated from the light, each colored ray retaining a cer* 
tain portion of it, though the greatest part is not sufficiently refrac- 
ted to fall within the spectrum. 

Unify. I suppose, then, that those colored rays which are the 
least refranmble retain the greatest quantity of heat? 

Mrs. B. They do so. 

Bmify. Though I no longer doubt that light and heat can be 
separated. Dr. HerschelPs experiment does not appear to me to af- 
ford sufficient proof that they are essentially difierent ; for light which 
you call a simple body, may likewise be divided into the various 
colored rays. 

Mrs. B. No doubt there must be some difierence in the various 
colored rays. Even their chemical powers are different. The 
blue rajrs for instance, have the greatest eflfect in separating oxy- 
gen from bodies, as was found by Scheele ; and there exists also, 
as Dr. Wollaston has shown, rays more refrangible than the blue, 
which produce the same chemical effect, and, what is very remark- 
able, are invisible.* 

Emify. Do you think it possible that heat may be merely a mod- 
ification of H|ht ? 

Mrs. B. That is a supposition which, in the present state of nat- 
ural philosophy, can neither be positively affirmed nor denied. Let 
us, therefore, mstead of discussmg the oretical points, be contented 
with examining, what is known respecting the chemical efiects of 
light. 

Li^ht is capable of entering into a kind of transitory union with 
^ertam substances, and this is what has been called phospho- 
rescence. Bodies that are possessed of this property, after being 
exposed to the sun's rays, appear luminous in the aark. The shel£ 
of fish, the bones of land animals, marble, lunestone, and a variety 
of combinations of earths, are more or less powerfully phosphores- 
cent. 



* The violet rays have the power of imparting the magnetic vir- 

76. How can they be separated ? 

77. Which of the colored rays refracted by a prismj retain the 
greatest quantity of heat? 

78. What effect have the blue ray« on bodies? 

79. What power have the violet rays as meiUioned in the note f 

80. In what does the process consist ? 

61 . Is light capable of a union with other substances ? 

82. What is this union called ? 

83. With what substances doe^ this union mostly take place, in the 
production of phosphorescence ? 
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Caroline. 1 remember being much surprised last summer wiik 
the phosphorescent appearance of some pieces of rotten wood, which 
had just been dug out of the around ; they shone so bright that I 
at first supposed them to be gfow-worms. 

Emily, And is not the light of a glow-worm of a phosphorescent 
nature ? 

Mrs, ^. It is a very remarkable instance of phosphorescence in 
living animals ; this property, however, is not exclusively possessed 
by the glow-worm. The insect called the lanthorn-fly, which is 
peculiar to warm climates, emits light as it flies, producing in the 
dark a remarkably sparkling appearance, But it is more common 
to see animal matter in a dead state possessed of a phosphorescent 
quality ; searfish is often eminently 80«* , 

Emily, I am rather sipprised, Mrs. B., that you should have said 
80 much of the li^ht emitted by phosphorescent bodies, without tak- 
ing any notice ot that which is produced b^ burning bodies. 

Mrs, B, The light emitted by the latter is so intimately connect- 
ed with the chemical history of combustion, that I must defer all 
explanation of it till we come to the examination of that process, 
which is one of the most interesting in chemical science. 

Emih. I have heard that the sea has sometimes had the appear- 
ance of being illuminated, and that the light is supposed to proceed 
from the spawn of fishes floating on its surface. 

Mrs, B, This light is probably owing to that or some other ani- 
mal matter. Sea water has been observed to become luniinous 
from the substance of a fresh herring having been immersed in it} 
and certain insects of the Medusa kind, axe known to produce simir 
lar effects. 

But the strongest phosphorescence is produced by chemical com- 
positions prepared for the purpose, the most common of which con- 
sists of oyster-shells and sulphur, and is known by the name of Can- 
ton's Phosphorus.f 

tue to steel. The process consists in intercepting all the ray« ex* 
cept this,, and of throwing this, being first collect^ into a focus by 
a lens, on the middle of a needle, and carrying it towards the extremr 
ity. This is to be done many times, and always towards the same 
extremity. After a while the needle acquires polarity. — C. 

* The phosphorescence of dead animals is owing to the escape of 
phosphorus in the form of pkosphoretted hydrogen. This is set free 
lirom its combination with the substance of the animal by the putre- 
factive fermentation. — C. 

t To prepare this, mix three parts of oyster-shells calcined for an 
hour and pulverized with one part of sulphur. This is to be rammed 
into a crucible, which is to be kept at a red heat for one hour. On 

. 84. "What remarkable instances of phosphorescence in living animals 
are mentioned? 

85. To what is the phosphorescence cf dead animals oicing? 

86. How is it freed from its combination with the $uhstanee of the 
animal f 

87. What is the strongest phosphorescence, or how is it producedi^ 

88. How is this substance prepared f 
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light id an agent capable of producing various chemical chanM. 
It is essential to the welfare both of the animal and vegetable kmg* 
ddms ; for men and plants grow pale and sickly if depriv^ of its 
salutary influence. It is likewise remarkable for its property of de- 
sth)ying color, whibh renders it of great consequence m the pro* 
cess of bleaching. 

Emily, Is it not singular that light, which in stud3ring optics we 
were taught to consider as the source and origin of colors, should 
have also the power of destrojring them ? 

Ckiroline, It is a fact, however, which we every day experience ; 
YOU know it fades the colors of linens and i^ks. 

Dmiiy. Certainly. And I recollect that endive is made to grow 
white mstead of green, by being covered up so as to exclude the 
light. But by what means does light produce these eflfects ? 

Mrs. B. Tlus I cannot attempt to explain to you until you have 
obtained a further knowledge of chemistry. As the chemical pro- 
perties of light can be accounted for only in their reference to com^' 
pound bodies, it would be useless to detain you any longer on this 
subject ; we may, therefore, pass on to the examination of heat, or 
caloric, with which we are somewhat better acquainted. 

Heat and Light may be always distinguished by the different 
» sensations they produce. Light affects the sense of sight ; Caloric 
that of feeling ; the one produces Vision, the other the sensation of 
Hegt. 

Caloric is found to exist in a variety of forms or modifications, 
and I think it will' be best to consider it under the two following 
heads, viz : 

1. Freb or radiant cai^oric. 

2. Combined cai-oric. 

The first, free or radiant caloric, is also called heat or 
TEMPERATURE ; it comprchends all heat which is perceptible to 
the senses, and afifects the thermometer. 

Emily, You mean such as the heat of the sun, of fire, of candles, 
of stoves ; in short, of every thing that burns ? 

■Mrs, B, And likewise of things that do not bum, as, for instance, 
the warmth of the body ; in a word, all heat that is sensible, what- 
ever may be its degree, or the source from which it is derived. 

Caroline, What, then, are the other modifications of caloric? It 

exposing some of this to the sun's ra)rs, it absorbs light, and will 
shme in the dark. This shows that light can be separated from 
heat.— C. 

89. fVhat does this erperimemt prove f 

90. To what is li^ht essential, and what remarkable property has it? 

91. What do optics teach us to consider the source and origin of 
colora? 

92. How may light and heat always be distinguished .'. 

93. Under what two heads is caloric considered ^ 
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must be a strange kind of heat that cannot be pexceived by out 



Mrs. B, None of the modifications of caloric should properly be 
called heat ; for heat, strictly speaking, is the sensation produced by 
caloric, on animated bodies ; this word, therefore, in me accurate 
language of science, should be confined to express the sensation. 
But custom has adapted it likewise to inanimate matter, and we 
say, the heat of an oven, the heat <)f. the sun, without any reference to 
the sensation which they are capable of exciting. 

It was in order to avoid the confusion, which arose firom thus con- 
founding the cause and effect, that modem chemists adopted the 
new word xxiloric, to denote the principle which produces heat ; yet 
they do not always, in compliance with their own language, limit 
the word heat to the expression of the sensation, since mey still fre- 
quently employ it in reference to the other modifications of caloric 
which are quite independent of sensation** 

Caroline. But you have not yet explained to us what these other 
modifications of caloric are. 

Mrs. B. Because you are not acquainted with the properties of 
free caloric, and you know that we have agreed to proceed with 
regularity. ^ ' 

One of the mpst remarkable properties of free caloric is its power 
of dilating bodies. This fluid is so- extremely subtle, that it enters 
and pervades all bodies whatever, forces itself between their parti- 
cles, and not only separates them, but frequently drives them asun- 
der to a considerable distance from each other. It is thus that ca- 
loric dilates or expands a body so as to make it occupy a greater 
space than it did before. 

^)mily. The effect it has on bodies, therefore, is directly contrary 
to that of the attraction of cohesion ; the one draws the particles to- 
gether, the other drives them asunder. 

Mrs. B. Precisely. There is a continual struggle between the 
attraction of aggregation, and the expansive power of caloric : 
and from the action of these two opposrte forces, result all the va- 
rious forms of matter, or degrees of consistence, from the solid to 
the liquid and aeriform state. And, accordingly, we find that most 
bodies are capable of passing from one of these forms to the other 

* If I touch a body at a higher temperature than my hand, I im- 
mediately receive a quantity of caloric from it, and at the same in- 
stant feel the sensation called heat. The caloric, then, is the cause 
of this sensation, and heat the effect of caloric passing into my 
hand.— C. 

94. What is free or radiant caloric ? 

95. What is heat^ strictly speaking ? 

96. What is the difference between caloric and heat, as the terms 
are used by chemists P 

97. What iUusiration of this is given in the note f 

4 98. What is one of the most remarkable properties of. free caloric ? 
* 99. What two forces are in direct opposition to each other ^ 

100. From what result all the various forms of matter, or degrees of 
consistence in bodies ? 
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tnerdiy i^ consequence of their receiving diflferent qnantitieB of 
caloric. 

CaroUne, That is very curious ; but I think I understand the 
reason of it. If a great quantity of caloric is added to a solid body, 
it introduces itself between the particles in sueh a manner, as to 
overcome, in a considerable degree, the attraction of cohesion ; 
and the body, from a solid, is then converted into a fluid. 

Mrs, B. This is the case whenever a body is fused or melted ; but 
if you add caloric to a liquid, can you tell me what is the conse- 
quence ? 

Caroline. The caloric forces itself in greater abundance between 
the particles of the fluid, and drives them to such a distance from 
each other, that their attractioii of aggregation is wholly destroyed ; 
the liquid is then transformed into vapor. 

Mrs. B. Very well ; an^ this is precisely the case with boiling 
water, when it is converted mto steam or vapor, and with all bodies 
that assume an aeriform state. 

DmUy. I do not well understand the word aeriform. 

Mrs. B. Ajij elastic fluid whatever ; whether it be merely va- 
pour or permanent air, is called aeriform. " 

But each of these various states, solid, liquid, and aeriform, ad- 
mit of diflTerent degrees of density, or consistence, still arising 
(chiefly at least) from the difi*erent quantities of caloric the bodies 
contain. Solids are of various degrees of density, front that of gold, 
to that of a thin jelly. Liquids, from the consistence of melted 
glue, or melted metals, to that of ether, which is the lightest of all 
Squids. The ^iflerent elastic fluids (with which you are not yet 
acquainted) are susceptible of no less variety in their degrees of 
density. 

Emily. But does not every individual body also admit of different 
degrees of consistence vdthout changing its state ? 

Mrs* B. Undoubtedly ; and this I can immediately show you by 
a very simple experiment. This piece of iron now exactly fits^the 
frume, or ring, made to receive it ; but if heated red hot, it vrill no 
longer do so, for its dimensions will be so much increased by the 
caloric that has penetrated into it, that it v^ill be much too large for 
the frame. 

The iron is now red hot : by applying it to the frame; we shall 
see how much it is dilated. 

JEhnb/. Considerably so indeed ! I knew that heat had this 
eflfect on bodies, but did not imagine that it could be made so con- 
spicuous. 

101. What causes bodies to pass from one of these forms to the other ^ 

102. How would you explain the manner in which a soHd b con- 
Terted into a liquid E 

103. If we add caloric to a Uquid, what is the consequence ? 

104. What is meant by the word aeriform ? 

105. From what do the different degrees of density ot conaistenca 
arise? 

106. Which is the lightest of all liquids ? 

107. Are the elastic fluids susceptible of varioud degrees of density f 
106. Do bodies admit of d^rent degrees of consistence without 

•hanging their state ? 



Digitized 



by Google 



S3 rWMM COiiOMC. 

Afri. B. Bj means of this instromeat (called a Pyrometer) ire 

may estimate, iQ the most exact maimer, the varioiis dilatatioDS of 

any solid body by heat. The body we are now going to sulnait to 

tml is this small iron bar ; I fix it to this apparatus, and then 

Fig. 1. Pyrometer4 




A A, Bar of meUI. 133, Lamps baraing* B B, Wheel work. C, Index. 

heat it by lighting the three lamps beneath it ; when the bar ex- 
pands, it increases in lengUi as well as thickness ; and, as one end 
communicates with this wheel work, whilst the other end is fixed 
and immoYeable, no sooner does it begin to dilate, than it presses 
against the wheel work, and sets in motion the index, which points 
out the degrees of dilatation on the dial plate. 

JBrmly, This is, indeed, a very curious instrument ; but I do not 
understand the use .of the wheels ; would it not be more simple , 
and answer the purpose equally well, if the bar in dilating, pressed 
against the index, and put it m motion without the intervention of 
the wheels ? 

Mrs, B, The use of the wheels is merely to multiply the motion, 
and therefore render the efiect of the caloric more obvious ; for if 
the index moved no more than the bar increased in length, its mo^ 
lion would scarcely be perceptible ; but by means of the wheels, i» 
moves in a much greater proportion, which therefore renders the 
variations far more conspicuous. 

"By submitting different bodies to the test of the pyrometer, it is 
found that they are far from dilating in the same proportion. Dif- 
ferent metals expand in di^rent, degrees, and other kinds of solid 
bodies vary still more in this respect. But this different suscep 
tibility of dilatation is still more remarkable in fluids than in sohd 
bodies as I shall show you. I have here two glass tubes, terminated 
at one end by large bulbs. We shall fill the bulbs, the one with 



109. What experiment proves that they do ? 

110. What is the use of the Pyrometer? 



110. 

111. How would you explain figure 1 ? 

112. What is the use of wheels m this instrument? 

113. Does caloric expand all bodies in the same degree ? 

114. Which axe ^ost susceptible of dilatation, fluias or iolidt' 
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Spirit of wine, the other ydth water. I have colored both liquids- 
in order that the effect may be more conspicuous. The spirit of 
•wiiie, you see, dilates by the warmth of my hand aa I hold the bulb.* 
Brmty, It certainly does, for I see it is rising into the tube. But 
water, it seems, is not so easily affected by heat ; for scarcely any 
change is produced on it by the warmth of the hand. 

■pv^ 2 Mrs. B. True ; we shall now plunge 

■^*8- • „ the bulbs into hot water, and you will see 
both liquids rise in the tube ; but the spir- 
it of wine will ascend highest. 

Caroline. How rapidly it expands ! 
Now it has nearly reached the tube, 
though the water has hardly begun to 
rise. 

Ermh/. The water now begins to dilate. 
Are not these glass tubes, with liquids 
rising within them, very like thermome- 
ters. 

Mrs. B. A thermometer is constructed 

.exactly on .the same principle, and these 

>^ tubes require only a scale to answer the 

■ purpose of thermometers ; but they would 

_ be rather awkward in their dimensions.— 

P/" \ The tubes and bulbs of thermometers, 
i^ / though of various sizes, are in general 
^,^)i>— C much smaller than these ; the tube too, is 
; hermetically f closed, and the air excluded 
from it. The fluid most generally used in 
iLVw?£r%ic?&e?',SSthennomete^^ is mercury, commonly call, 
immersed. ed qmckalver, the dilatations and con- 

tractions of which correspond more exact- 
ly to the additions and subtractions of ca- 
loric, than those of any other fluid. 

QiroUne. Yet I have often seen colored spirit of wine used in 
thermometers. 

Mrs. B. The expansions and contractions of that liquid are not 
qtdte so uniform as those of mercury ; but in cases in which it is 

• In the absence of the glass tubes terminated by bulbs, procure a 
paur of tin canisters, three inches high and two wide, soldered up 
all round. In the middle of the top of each, have inserted a circu- 
lar tin ajpout, and into these cement glass tubes about twelve inches * 
hi^h. These will answer every purpose. — C. 

^The tube is closed by holding the end over a spirit lamp until 
the glass is melted. Tms word w derived from Hermes, the Greek 
name for mercury. He is said to have been the inventor of chem- 
istry ; hence this is sometimes called the 9lermetic art, and hermet- 
ically, or chemic^y closed, is dosed by heat or melting. — C. 

115. What is the object of figure 2 ? 

116. What fluid is geneiallj used in thermometers ? 

117. How do the expansions and subtractions of the spirits of wint 
Aompaie with those of mercury ? 
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not leqpnte to asceitaiii the temp^ra^ioe witfe gieait pn 
spirit (n wine will answer the |Nirpose equally well, and .indeed in 
some lespects bettei, as the expansion of the latter is ^eater, and 
therefore more conspicuous. This fluid is used likewise m situations 
and experiments in which mercury would he frozen ; lor. mercury 
hecomes a solid hody, like a piece of lead or any other metal, at 
a certain degree of cold ; but no degree of cold has ever been 
known to freeze spirit of wine.* 

A thermometer, therefore, consi^ of & tube with a bulb, such as 
you see here, containing a fluid whose decrees of dilatation and 
contraction are indicated by a scale to which the tube is fixed.-^ 
The degree which indicates the boiling p6int comply means that 
when the fluid is sufficiently dilated to rise to this point, the heat is 
such that water exposed to the same temperature will boU. When 
on the other hand, the fluid is so much condensed as to sink to the 
freezing point, we know that water will freeze at that temperature. 
The extreme points of the scales are not the same in all thermome- 
ters, nor aref the degrees always divided in the same manner. In 
diflerent'countries philosophers have chosen to adopt different scaletf 
and divisions. The two Uiermometers most used are those oi Fah- 
renheit, and Reaumur ; the first is generally preferred by the Eng- 
lish, the latter by the French. 

Emily, The variety of scale must be very inconvenient, and I 
should think liable to occasion confusion when French and Eng- 
lish experiments are compared. 

Mrs. B, The inconvenience is but very trifling, because the dif- 
ferent gradations of the scales do not affect the principle upon 
which thermometers are constructed. When we know, for in- 
stance, that Fahrenheit's scale is divided into 212 degrees, in which 
32® corresponds with the freezmg point, and 212° with the point of 
boiling water ; and that Reaumur's is divided only into 80 aegrees, 
in which QP denotes the freezing point, and 80® that of boiling 
water, it is easy to compare the two scailes together, and reduce 
the one into the other. But, for ^eater convenience, thermome- 
ters are sometimes constructed virith both these scales ; one on 
either side of the tube ; so that the correspondence of , the different 
degrees of the two scales is thus instantly seen Here is one of 
these scales, (Fiff. 3, see next page,) by winch you can at once per^ 
ceive that each degree of Reaumur's correspondiB to 2 1-4 of Fah- 
renheit's division. But I believe the Froiclli have, of late, given 
the preference to what they call the centigrade scale, in which the 
space between the freezing and the boiling point ki divided mto 100 
degrees. 

* Spirit of wine is stated to have be^ fioz^ in England by stuns 
process which the author has preferred to keep secret. — C. 

When is spirit of wine used ? 

118. How would you describe a thermometer ?. 

119. What two thermometers are mostly used ? 

120. How are they graduated ? 

121. What is the temperature of boiling water ? 

122. To what s^e have the French been said to have preference ' 
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Wig. 3. CaroUnB. That ne^mm to m» 

Thermometer. the most reasonable divisioa, 

I cannot guess why t^e fireez- 
point is called 32°, or what 
ntage is derived from it. 
rs. B, There really is no 
ntage in it ; and it originat- 
1 a mistaken opinion of the 
ument-maker, Fahrenheit, 
first constructed these Iher- 
leters. He mixed snow and 
together, and produced by 
means a degree of cold 
;h he concluded was the great- 
podsible, and therefore made 
3cale' begin from that point. 
K^een that and boiling water 
nade 212 degrees, and the 
sing point was found to be at 

mib/. Are spirit of wine, and 
5ury, the only liquids used 
le construcUoa of thermome- 

?5, B. I believe they are the 
liquids now in use, thou^k 
3 others, such as linseed oil, 
Id make tolerable thermom- 
i; but for experiments in 
*Ji a very quick and delicate 
of the changes of tempera- 
is required, air is the fluid 
stimes employed. The bulb 
ir thermometers is filled with 
mon air only, and its expan- 
and contraction are indica- 
by a small drop of any c(d- 
liquor, which is suspended 
[in the tube, and moves up, 
down, according as the air 
in the bulb and tube expands 
contracts'. But in general, 
thermometers, however sen- 
sible to changes of t^mperaturCi 
are by no means accurate in their 
ia(lications. 
1 can however, ishow you an air thermometer of a very peculiar 
coDBtruction, which is remarkably well adapted for some chemical 

123. Why was the freezing point in Fahrenheit's thermometer fix 
ed at 38 degrees ^ 

124. How are thermometers constructed ? 
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FREE CALORIC* 



Fig. 4. 

Differential Ther- 

mameter. 




exp&nmeniBy as it is equally delicate and accurate in its indicn* 
tions.* 

Caroline, It looks like a doable thennom- 
eter reversed, the tube being bent, and hav- 
ing a large bulb at each of its extremities. 
x'—N ^-N. Emih/, Why do you call it an air thennom- 

f A.J / D J eter ; the tube contains a colored liquid ? 

\|X \wr Mrs, B, But observe that the bulbs afe 

1^1^ filled with air, the liquid being confined to a 
portion of the tube, and answering only the 
purpose of showing, by its motion in the tube, 
the comparative dUatation or contraction of 
the air within the bulbs, which afford an in- 
dication of their relative temperature. Thus 
if you -heat the bulb A, by the warmth of your 
hand, the fluid will rise towards the bulb B, 
and the contrary will happen if you reverse the 
experiment. 

But if on the contrary, both tubes are of the 
same temperature, as is the case now, the col- 
ored liquid, suffering an equal pressure on each 
side, no change of level taJtes place. 

Caroline. This instrument appears, indeed, 
uncommonly delicate. The fluid is set in mo- 
tion by the mere approach of my hand. 
V ' Mrs, B, You must observe, however, that 
^this thermometer cannot indicate the tem- 
perature of any particular body, or of the 
medium in which it is immersed ; it serves only to point out the dif- 
ference of temperature between the two bulbs, when placed under 
diflferent circumstances. For this reason it has been called differ- 
miial thermometer. You will see hereafter to what particular pur- 
poses this instrument applies. 

I}mik/. But do common thermometers indicate the exact quan- 
tity of calonc contained either in the atmosphere, or in any body 
ynih which they are in contact ? f 

* Students in chemistry may amuse themselves with air ther- 
mometers of their own construction. Procure a flat vial or ink- 
stand with a wide mouth ; also, a broken thermometer tube, the 
bulb beiuff entire. Fit a cork air tight to the vial, and pierce it 
in the middle with a hot iron to admit the tube. Fill the vial about 
half full of some colored liquid. Warm the bulb of the tube by 
holdinff it in the hand, and in this state introduce the small end 
ihrou^ the cork nearly to the bottom of the vial. The hand be- 
ing removed from the bulb, the fluid will rise in the tube. The flu- 
id will afterwards rise or fall as heat is applied to the vial or bulb. 
-€. 

t The thermometer indicates the exact quantity of free caloric, 

135. What is said of air thermometers in the note f 

126. Which figure represents an air thermometer ? 

127. Why has the air thermometer been called the differential ther 
mometer ? 
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M'S, B. No ; first because there are other modifications of ca* 
toric which do not afi^t the thermometer ; and, secondly, because 
the temperature of a body, as indicated by the thermometer, is on- 
ly relative. When, for instance, the thermometer remains sta- 
tionary at the freezing point, we know that the atmosphere, (or 
medium in which it is placed, whatever it may be) » as cold as 
freezing water ; and when it stands at the boiling point, we know 
that this medium is as hot as boiling water ; bat we do toot know 
the positive quantity of heat contained either in freezing or boiling 
water, any more than we know the real extremes of heat and cold ; 
and consequently we cannot determine that of the body in which 
the thermometer is placed. 

Caroline, I do not quite understand ^is explanation, ^ 

Mrs. B. Let us compare a thermometer to a well, in which tiie 
t^ater rises to different heights, according as it is more or less sup- 
plied by the spring which feeds it ; if the. depth of the well is un- 
fiaithomable, it must be impossible to know the absolute quantity of 
water it contains ; yet we can with the greatest accuracy measure 
the number of feet the water has risen or &Ilen in the well at any 
time, and consequently kn(vw the precise quantity of its increase 
or diminution, without baring the least knowledge of the whole 
quaifttit3r of water it contains,* 

ijaroline. Now I comprehend it very well; nothing appears to 
me to explain a thing so clear as a comparison. 

Emih/. But will thermometers bear any degree of heat ? 
- Mrs. B. No; for if the temperature were much above the high<» 
est deffree marked on the scale of the thermometer, the mercu- 
ry womd burst the tube in an attempt to ascend. And at any rate, 
no thermometers can be applied to temperatures higher than the 
boiling point of the Uquid used in its construction, for the steam, 
on the uquid beglnmng to boii, woidd burst the tube. In i^ma- 
ces, or whenever any very high temperature is to be measured, a 

present at the time and place of the experiment. Thus if a cer- 
tain quantity of heat is required to raise the mercury 20°, double 
this quantity will raise it to 40°. All bodies contain a quantity oif 
iieat not appreciable by the thermometer, of sensible to the touch. 
This is caUed fixed or latent heat. This can sometimes be set free, 
as when we hammer a piece of cold iron it becomes hot. Thus 
the latent caloric is squeezed out of the iron by the contraction of 
its pores under the hammer, and it then becomes free caloric— C. 



* This passage may be expounded as follows. The unfathoma- 
ble depth of the wdl signifies the absolute quantity of caloric, and 
which the thermometer does not measure; because all bodies 

128. Do common thermometers indicate the exact quantity of ca- 
loric contained either in the atmosphere, or in any body, with which 
they come in contact ? 

129. Why do they not ? 

130. What comparison is made between a well and a thermometer? 

131. Why might not thermometers be applied to temperatures high- 
er than the boiling point of the liquid used in their construction ? 

4* 
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pjrometer, inYented by Wed^ood, is used for that'puipose. It 
IS made of a certain composition of baked clay, which has the pe- 
culiar property of contracting by heat, so that the degpree of con- 
traction of this substance indicates the temperature to which it has 
been exposed. 

Emih/, But is it possible for a body to contract by heat ? I 
thouffht that heat dilated all bodies whatever. 

A^5. B, This is not an exception to the rule. Tou must recol- 
lect that the bulk, of the clay is not compared, whilst hot, with that 
which it has when cold ; but it is from the change which die claj 
has undergone by having been heated, that the mdications of this 
instrument are derived. This change consists in a bee^nning ^- 
sion, which tends to unite the particles of clay more closely, thus 
rendering it less pervious or spongy.* 

Clay is to be considered as a spongy body, abounding in inter- 
stices or pores, from its having contained water when soft. These 
interstices are by heat lessened, and would by extreme heat be en- 
tirely obUterated. 

daroUne, And how do you ascertain ^he degrees of contraf^tion 
of Wedgwood's pyrometer .» . ' 

Mrs, jB, The dimensions of a piecokof clay are measured by a 
scale graduated on the side of a tapered groove, formed in a brass 
ruler ; the more the clay is contracted by the heat, the further it 
will descend into the narrow part of the tube. 

Before we quit the subject of expansion, I must observe to you, 
that, as fluids expand more readily than solids, so elastic fluids^ 
whether air or vapor, are the most expansible of all bodies. 

It may appear extraordinary, that all elastic fluids whatever, uih 
dergo the same degree of expansion from equal augmentation of 
temperature. 

JEmify, I suppose, then, that all elastic fluids are of the same den*- 
sity. 

Mrs, B, Very far from it ; they vary in density, more than ei- 
ther liquid's or solids. The uniformity of their, expansibility, which, 
at first may appear singular, is, however, readily accounted for. — 
For if the different susceptibilities of expansion of bodies arise 
from their various degprees of attraction of^ cohesion, no such dif- 

however cold, still contain caloric. Thus mercury freezes at 40° 
below zero, but still contains caloric, and so on. The rising and • 
falling of the water signifies the greater or less quantity of free ca- 
loric as indicated by tne thermometer. — C. 

♦According to the calculations of Saussure, the temperature 
necessary to melt this clay is 1575^ Wedgwood, which is a degree 
of heat greatly beyond our common furnaces. It is therefore most 
probable that the clay contracts at lower temperatures by the loss 
of moisture. — C. 

132. Do aU bodies J kowever cold, contain caloric f 

133. In what manner is it that c\&y appears to contract by heat ? 

134. What bodies are most expansible ? 

135. Are all elastic fluids equally eirpanded from )qual augmentt 
tions of temperature ? 

136. Are all elastic fluids of the same density ? 
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fbrenee can be expected in elastic floids, rinoe in these tke attra^ 
ion of cohesion does not exist, their particles being on the eontn^ 
IT possessed of an elastic or repulsive power; they will therefore 
all be equally expanded by equal degrees of caloric. 

Emihf. True; as thete is no power exposed to the expansive 
force of caloric in elastic bodies, its effoct must be the same in all 
of them. 

Mrs, B. Let us now proceed to examine the other properties of 
free caloric. 

Free caloric always tends to difiiise itself equally ; that is to say, 
when two bodies are of different temperatures, the warmer gradu* 
ally parts with its heat to the colder, till they are both brought to 
the same temperature. Thus, when a thermometer is applied to a 
hot body, it receives caloric : when to a cold one, it communicates 
part of its own caloric, and this communication continues until the 
thermometer and the body arrive at the same temperature. 

Emily. Cold, then, is nothing but a negative quality, simply im- 
plying the absence of heat. 

Mrs, B, Not the total absence, but a diminution of heat; for we 
know of no body in which some caloric may not be discovered. 

QxroHne, But when 1 lay my hand on this marble table, I feet 
it positiveb/ cold, and cannot conceive that there is any caloric in 
it. 

Mrs. B. The cold you experience consists in the loss of caloric 
that your hand sustains in an attempt to bring its temperature to 
an equilibrium with the marble. If you lay a piece of ice upon itf 
3FOU will find that a contrary effect will take place ; the ice will be 
melted by the heat it abstracts from the marble. 

Caroline. Is it not in this case the air of the room, which being 
warmer than the marble, melts the ice ? 

Mrs. B. The air certainly acts on the surface which is exposed 
to i]t, but the table melts that part with which it is in contact. 

Qtrolme. But why does caloric tend to an equilibrium? It can- 
not be on the same principle as other fluids, since it has no weight? 

Mrs. B. Very true, Caroline, that is an excellent objection. 
You might also, with some propriety, object to the term equilibri- 
vm being applied to a body that is without weight ; but 1 know of 
no expression that would explain my meaning so well. You must 
coDsidei it, however, in a figurative rather than a literal sense ; its 
strict meaning is an eqiuU diffusion. We cannot, indeed, well say 
by what power it diffuses itself equally, though it is not surprising 
that it should go from the parts which have the most to those which 
have the least. The subject is best explained by a theory suggest- 

137. How then can their uniformity of expansibility be accounted 
for? 

138. How does caloric tend to diffuse itself? 

139. How is this illustrated by a thermometer ? 

140. What is cold ? 

141 . Do we know of any substance in which some calonc may not 
be found ? 

142. Why do some bodies feel cold if we lay our hand upon them? 

143. What objection is there to the term equilibrium, when speak- 
ing of the equal diffusion of caloric^ 
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ed by Professor Prevost of Geneva, which is now, I belieye, gen* 
erally adopted. 

According to this theory, caloric is composed of particles per- 
fectly separate from each other, every one of which moves with a 
rapid velocity in a certain direction. These directions vary as mnch 
as imagination can conceive, the result of which is, that there are 
^ys or lines of these particles moving with immense velocity in 
^ every possible direction. Caloric is thus universally difiiised, so 
that when any portion of^space happens to be in the neighborhood 
of another, which contains more caloric, the colder portion re- 
ceives a quantity of calorific rays from the latter, sufficient to re- 
store an equilibrium of temperature. This radiation does not only 
take place in free space, but extends also to bodies of every kind.* 
Thus you- may suppose all bodies whatever, constantly radiating ca- 
loric ; those that are of the same temperature give out and absorb 
equal quantities, so that no variation of temperature is produced in 
them ; but when one body contains more free caloric than anoth- 
er, the exchange is sdways in favour of the colder body, until an 
equilibrium is effected ; this you find to be the case when the mar- 
ble table cooled your hand, and again when it melted the ice. 
'* CaroUne. This reciprocal radiation surprises me extremely. 1 
thought) from what you first said, that the hotter bodies alone emit- 
ted rays^f caloric which were absorbed by the colder; for it seems 
unnatural that a hot body should receive any caloric from a cold 
one, even though it should return a great quantity. 

Mf9, B. It may at first appear so, but it is no more extraordina- 
ry than that a candle should send forth rays of hght to the sun, 
which, you know, must necessarily happen. 

Caroline, Well, Mrs. B., I believe that I must give up the point. 
But I wish I could see these rays of caloric; I should then have 
greater faith in them. 

Mrs, B, Will you give no credit to any sense but that of sight .> 
You may feel the rays- of caloric which you receive from any body 
of a temperature higher than your own ; the loss of the caloric 
you part with in return, it is true, is not perceptible ; for as you 
gain more than you lose, instead of suffering a diminution, you are 
really making an acquisition of caloric. ' It is, therefore, only when 
you are parting with it to a boijy of a lower temperature, tnat you 
are sensible of the sensation of cold, because' you then sustain an ab- 
solute loss of caloric. 



* This is true when applied to inanimate matter. ' But if a live 
animal is exposed to a degree of heat above the temperature of its 
own body, it has the power of resistance ; and though the heat be 
100 degrees above that of the animal, it scarcely aflfects its temper- 
ature. — C. 

144. What is Professor Pre vest's theory of caloric ? 

145. What remarks respecting live animals is made in the notef 

146. Do all bodies constantly radiate caloric ? 

147. If one body contains more free caloric than another, what is 
the consequence ? 

148. Does a hot body receive caloric from a cold one P 

149. How does Mrs. B. answer the objection to the reciprocal radi 
ation of caloric between bodies of different temperature .'' 

150. What occasions the sensation of cold ? 
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Shuiu. And in this case we cannot be sensible of the small ^nan- 
tity of heat we receive in exchange from tibe colder body, becanse 
it serves only to diminish the loss. 

Mrs. B. V ery well, indeed, Emily. Professor Pictet, of Gene- 
va, has made some very interesting experiments, which prove not 
only that caloric radiates from aU bodies whatever, but tnat these 
rays may be reflected, according to the laws of optics, in the same 
manner as hght. I shall repeat these experiments before you, hav- 
ing procured mirrors* fit for the purpose ; and it will afford us an 
opportunity of using the differential thermometer, which is particr 
cuarly well adapted for these experiments. — ^I place an iron bullet, 
Fig. 5. 
Mr, Ptctet^s Apparatus for the Reflection of Heat, 




A A, and BB, Concave Mirrors fixed on stands. C. Heated Bullet, placed in the fo« 
cos of tbe Mirror A. D, Thermometer, with its bulb placed in the focus of the Mir- 
ror B. 12 3 4, rays of Caloric radiating from the Bullet, and falling on the Mirror 
A. 5 6 7 8, the same rays reflected from the Mirror A to the Mirror B. 9 10 11 13, 
tbe same rays reflected by the Mirror B to the Thermometer. 

sd>out two inches in diameter, and heated to a degree not sufficient 
to render it luminous, in the focus of this large metalUc concave 
mirror. The rays of heat which fall on this mirror are reflected^ 
agreeably to the property of concave mirrors, in a parallel direo- 
tidn, so as to fall on a similar mirror, which, you see, is placed op^ 
posite to the first, at the distance of about ten feet ; thence the 
rays converge to the focus of the second mirror, in which I place 
one of the bulbs of this thermometer. Now, observe in what man- 
ner it is affected by the caloric which is reflected on it from the 
heated bullet. — ^The air is dilated in the bulb which we placed in 
the focus of the mirror, and the liquor rises considerably in the op- 
posite leg. 

♦Mirrors made of common tinned iron show this experiment 
veiy well. They may be 10 or 12 inches in diameter, and about 2 
inches deep. They must be planished with a hammer having a 
convex face, and afterwards polished with a piece of buckskin, and 
a little whiting. — C. 

151. What do Professor Pictet*8 experiments on catorie prove ? 
15S. What is the object of figure 5 ? 

153. How would you explain the experiment represented in this fi^ 
we? 
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Emify, But would not the saaie efiect take place, if liie rays oC 
caloric from the heated bullet fell directly on Che. thamometer, 
without the assistance of the mirrors ? 

Mrs, B, The effect would in that case be so trifling, at the dis- 
tance at which the bullet and the thermometer are from each oth- 
er, that it would be almost imperceptible. The nairrors, yOu 
know, greatly increase the effect, by collecting a large quantity of 
ra^s'in a focus ; place your hand in Uie focus of the nurror, and you 
will find it much hotter there than when you remove it nearet to 
the bullet. 

* Emily, That is very true : it appears extremely singular to feel 
the heat diminish in approaching the body from which it proceeds. 

Caroline, And the nurror which produces so much heat, by con- 
verging the rays, is itself quite cold. 

Mrs. B, The same number of rays that are dispersed over the 
surface of the mirror are collected by it into the focus ; but if you 
consider how large a surface the mirror presents to the rays, and 
consequently, how much they are difiused in comparison to what 
they are at the focus, which is a little more than a point, I think you 
can no longer wonder that the focus should be so much hotter tham 
the mirror. 

The principal use of the mirror in this experiment is, to prove 
that thg^alorific emanation is reflected in the same manner as 
light. ^ 

Caroline, And the result, I think, is very conclusive. 

Mrs, B. The experiment may be repeated with a wax taper in- 
stead of the bullet, with a view of separating the light from the 
caloric. For this piurpose a transparent plate of glass must be in 
terposed between the mirrors ; for light, you know, passes wi^ 
great faciUty through glass, whilst the transmission of caloric is 
almost whoUy impeded by it. We shall find, however, in this ex- 
periment, that some few of the calo;rific rays pass through the glass 
together with the light, as the thermometer rises a little ; but, as 
soon as the glass is removed, and free passage left to the caloric, it 
will rise considerably higher. 

EnUli/, This experiment, as well as that of Dr. Herschell's, 
proves that light and heat may be separated ; for in the latter ex- 
periment the separation was not perfect, any more than that of Mr; 
rictet. 

Caroline. I should like to repeat this experiment, with the dif- 
ference of substituting a cold body instead of a hot one, to see 
whether cold would not be reflected as well as heat. 

Mrs. B. That experiment was proposed to Mr. Pictet by an in" 
credulous philosopher like yourself, and he immediately tried it by 
substituting a piece of ice in the place of a heated bullet. 

Caroline, Well, Mrs. B., and what was the result ? 

154. Why do mirrors increase the effect in this experiment ? 

155. Why does a metallic mirror feel cold when placed before the 
fire? 

156. What is the use of the mirror in the experiment ^ 

157. What substance almost wholly impeaes the tFansmiseion of 
caloric? 

158. What does this prove ? 

159. What philosopher supposed that cold might be reflected ? 
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Mrs^ B^ Th^t we shall see ; I bAye i»ocusad some ioe fi>T tbe 
pwrpoae^ 

JSmUy^ The thennometer falls conidderably ! 

Caroline. And does not that prove that cold is not merelyan^^n- 
tioe quality, implying simply an inferior degree of heat ? The cold 
mast be positive, since it is capable of reflection. 

Mrs, B, So it first appeared to Mr. Pictet ; but upon a little 
eomdderation he found that it afforded only aii additional proof of 
~ the reflection of heat ; this I shall endeavor to explain to you* 

Accordmg to Mr. Prevost's theory, we suppose that sul bodies 
whatever radiate caloric 5 the thermometer used in these expert 
iments, therefore, emit caloriflc rays in the same manner as any 
other substance. When its temperature is in equihbrium with that 
of the surrounding bodies, it receives as mudi caloric as it parts 
with, and no change of temperature is produced. But when we 
introduce a body of a lower' temperature, such as a piece of ice, 
which parts with less caloric than it receives, the consequence is, 
that its temperature is raised whilst that of the surrounding bodies 
is TOoportionally lowered. 

mnib/. If, tor instance, I was to bring a large piece of ice into 
this room, the ice would in time be melted, by absorbing caloric 
from the general radiation which is going on throughout the room ; 
and as it would contribute very little caloric in return for what is 
absorbed, the room would necessarily be cooled by it. 

Mrs, B. Just so ; and as in consequence of the mirrors, a more 
considerable exchange of rays takes place between the ice and the 
thermometer, than between these and any of the surroundinff bod- 
ies, the temperature of the thermometer must be more lowered than 
that of any other adjacent object. 

Caroline, I confess I do not perfectly understand your explana- 
tion. 

Mrs,^ B. This experiment is exactly similar to that made with 
the heated buHet \ for, if we consider the thermometer as the hot 
body (which it certainly is in comparison to the ice,]| you may then , 
easily understand that it is by the loss of the calonfic rays which 
the thermometer sends to the ice, and not by any cold rays receiv- 
ed from it, that the fall of the mercury is occasioned ; for the ice, 
far from emitting rays of cold, sends forth rays of caloric, which di- 
minish the loss sustained by the thermometer. 

Let us sajr, for instance, that . the radiation of the thermometer 
towards the ice is equal to 10, and that of the ice towards the 
thermometer to 20 , ' the exchange in favor of the ice is as 20 is 
to 10, or the thermometer absolutely loses 10, whilst the ice gains 
10. 

Garoline, But if the ice actually sends rays of caloric to the 
thermonwter, must not the latter fall still lowef when the ice is re- 
moved? 

Mrs, B. No ; for the space which the ice occupies, admits rays 

160. What did his-ezperiment prove ? 

161. What is probable respecting the use of the thermometer in 
this experiment, aecording to Mr. Prevost's theory f 

162. What sindlarity is there between this experiment and that of 
the heated bullet? 

163. Since the ice sends rays of caloric to the thenmuneter, will 
act the thermometer fiill if the ice is removed-? 
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fiN>m aU the smrounding bodies to pass through it ; and those hdbkg 
of the same temperature as the thermometer, wiU not aflfect it^ b^ 
cause as much neat now returns to the thermometer as radiates 
firom it. 

Caroline, I must confess that you have explained this in so satis* 
ftctory a manner, that I cannot help being convinced now that cold 
has no real claim to the rank of a positive beiug. 

Mrs, B. Before I conclude the subject of radiation, I must oIh 
serve to you, that different bodies (or rather surfaces,) possess the 
power of radiating caloric in very oifferent degrees. 

Some curious experiments have been made by Mr. Leslie on 
this subject, and it was for this purpose that he invented the differ* 
ential thermometer ; with its assistance he ascertained that black 
sur&ces radiate most, glass next, and polished sur&uses the least of 
aU. 

Mmfy. Supposing these axatacea, of course, to be all of the same 
temperature. 

Mrs. B, Undoubtedly. I will now show you the very ingen^ 
iouB apparatus, by means of which he made these experiments. 
This cubical tin vessel, or canister, has each of its sides externally 
covered with different materials; the one is simply blackened; 
the next is covered with white paper ; the third with a pane of glass, 
and in the fourth the polished tin surface remains uncovered. 
We shall fill this vessel with hot water, so that there can be no 
doubt but that all its sides will be of the same temperature. Now 
let us place it in the focus of one of the mirrors, making each of its 
sides j&ont it in succession. We shall begin with the black sur- 
face.* 

* Caroline, It makes the thermometer which is in the focus of the 
other mirror rise considerably. Let us turn the paper surface 
towards the mirror. The thermometer falls a little, therefore of 
course, this side cannot emit or radiate so much caloric as the black- 
ened side. 

Ermhf, This is very surprising ; for the sides are exactly of the 
same size, and must be of the same temperature. But let us try 
the ^lass surface. 

Mrs, B, The thermometer continues falling, and with the plain 
surface it fidls still lower ; these two surfaces therefore radiate less 
and less. 

Oaroiine, i think I haye found out the reason of this. 

Mrs, B, I should be very happy to hear it, for it has not yet (to 
my knowledge) been accounted for. 

* The radiatinff power of dififerent surfaces may be shown thus. 
Take a common half pint tin cup, scour one side oright, and paint 
or smoke the other black. Place this in the focus of the nurror, 
and the thermometer will rise or &XL as its sides are changed.— O. 

164. Why will it not? 

166. Do all surfaces radiate caloric in equal degrees ? 

166. What surfaces radiate most caloric, and what ones least? 

167. What illustration is given of the different radiations of diflfin^ 
ent surfaces ? 

168. Howi»UBtaUAinA%naU9 that tlU radiating power qf d^9rm 
mafa/C9$mayU9kmtmf 
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OaroUne, The water within the vessel gradually cools, and the 
thermometer in consequence gradually fsJls. 

Mrs. B, Tt is true that the water cools, but certainly in much less 
proportion than the thermometer descends, as you will perceive if 
you now change the tin surfece for the black one. 

Caroline. I was mistaken, certainly, for the thermometer rises 
again now that the black surface fronts the mirror. 

Mrs. B. And yet the water in the vessel is still cooling, Caro- 
line. 

Emily. I am surprised that the tin surface should radiate the 
least caloric, for a metallic vessel filled with hot water, a silver tea- 
pot for instance, feels much hotter to the hand than one of black 
earthen ware. 

Mrs. B. That is owing to the diflferent power which various bo- 
dies possess for cond^icting caloric, a property which we shall pres- 
ently examine. Thus, although a metallic vessel feels warm to 
the hand, a vessel of this kind is known to preserve the heat of the 
liquid witliin, better than one of any other materials ; it is for this 
reason that silver tea-pots make better tea than those of earthen- 
ware. 

Emily: According to these experiments, Ught colored dresses, 
in cold weather, should keep us warmer than black clothes, since 
the latter radiate so much more than the former. 

Mrs. B. And that is actually the case. 

Efnily. This property, of. different surfaces to radiate in different 
degrees, appears to me to be at variance with the equilibrium of 
caloric ; since it would imply that those bodies which radiate most 
must ultimately become coldest. 

Suppose that we were to vary this experiment, by using two me- 
tallic vessels full of boiling water, the one blackened, the other not ; 
would not the black one cool the first ? 

Caroline. True : but when they were both broug[ht down to the 
temperature of the room, the interchange of caloric between the 
canisters and the other bodies of the room being then equal, their 
temperature would be the same'. 

Emily. I do not see why that should be the case ; for if different 
surfaces of the dame temperature radiate in different degrees when 
heated, why should they not continue to do so when cooled down 
to the temperature of the room ? 

Mrs. B. You have started a difficulty, Emily, which certainly 
requires explanation. It is found by experiment, that the power 
of absorption corresponds with, and is proportional to, that of radia- 
tion ; so that under equal temperatures, bodies compensate for the 

169. Why will a silver tea-pot or any metallic vessel filled with hot 
water, feel much hotter to the hand than one of black earthen-ware ? 

170. Why will a silver tea-pot make better tea than an earthen one ? 

171. Why is a light-colored dress warmer than a black one in win- 
ter? 

172. And why a light^olored one colder than a black in the sum- 
mer ? 

173. What difficulty is mentioned respecting the above theory of 
the radiation of caloric ? 

5 
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creater loss they sostam in consequence of their greater ncBatknt 
by their greater absorption ; so that if you were to make your ex- 
periment in an atmosphere heated like the canisters, to the tempe- 
rature of boiling water, though it is true that the canisters would 
radiate in different degrees, no chang-e of temperature would be 
produced in them, because they would each absorb caloric in pro- 
portion to their respective radiation. 

Emily. But would not the canisters of boiling water also absorb 
caloric m different degrees -in a room of the common temperature? 

Mrs. B. Undoubt^y they would. But the various bodies in 
the room would not, at a lower temperature, furnish either of the 
canisters with a sufficiency of caloric to compensate for the loss 
they undergo; for, suppose a black canister to absorb 400 rays 
of caloric, whilst the metallic one absorbed only 200 ; yet if the 
former radiates 800, whilst the latter radiates only 400, the black 
janister will be the first cooled down to the temperature of the 
oom. But from the moment the equiHbrium of temperature has 
aken place, the black canister, both receiving and giving out 400 
•ays, and the metallic one 200, no change of temperature wiU take 
place. 

Emily. I now understand it extremely welL But what becomes- 
of the surplus of calorific rays, which good radiators emit, and bad 
radiators receive ? they must wander about in seardi of a resting- 
place ! 

Mrs. B. They really do so ; for they are rejected and sent back, 
or in other words, reflected by -the bodies which are bad radiators 
of caloric; and they are thus transmitted to other bodies which 
happen to he in their way, by which they are either absorbed or 
affam reflected, acconlinor as the property of reflection, or that of 
absorption predominates m these bodies. 

Caroline. I do not well understand the difference between radiar- 
ting and reflecting caloric, for the caloric that is reflected from a 
body, proceeds from it in straight fines, and may surely be said to 
radiate firom it ? 

Mrs, B. It is true that there at nrst appears to be a great analo>- 
gy between radiation and reflection, as they equally convey the idea 
of the transmission of caloric. 

But if you consider a little, you will perceive that when a body 
radiates caloric, the heat which it emits not only proceeds from, but 
has its origin in the body itself. Whilst when a body reflects calo- 
ric, it parts with none of its own caloric, but only reflects that which 
it receives from other bodies. 

Emily. Of tliis difference we have very striking exam])les before 
us, in the tin vessel of water, and the concave mirrors ; the first 
radiates its own heat, the latter reflect the heat which they receive 
from other bodies. 

Caroline. Now that I understand the difference, it no longer 

174. If different surfaces of the same temperature radiate in diflfer- 
ent degrees when heated, why do they not continue to do so when 

'. cooled to the temperature of the room ? 

175. What becomes of the surplus calorie, which good radiators 
emit and bad ones refase to receive ^ 

176. What is the difference between the radiation and reflection of 
caloric ? 

177. How would you illustrate this difference by example ? 
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^surpmes me thact bodies which radiate or part with their own caloi> 
ic freely, should not have the power of transmitting with equal fa- 
cility that which they receive from other bodies. 

mnUy, Yet no body can be said to possess caloric of its own, li 
all caloric is derived originally from the sun. 

Mrs. B. When I speak of a body radiating its own caloric, I 
mean that which it has absorbed and incorporated either immedir 
ately from the sun's rays, or through the medium of any other sub- 
stance. 

Caroline, It seems natural enough that the power of absorption 
should be in opposition to that of reflection, for the more caloric a 
body receives, the less it will reject. ^ 

JEamly. And equally so that the power of radiation should corres- 
pond w^ith that-of absorption. It is, in fact, cause and effect; for a 
Dody cannot radiate heat without having previously absorbed it; 
just as a spring that is well filled flows abundantly, 

Mrs, B. Fluids are in general very bad radiators of caloric ; and 
air neither radiates nor absorbs caloric in any sensible degree. 

We have not yet concluded our observations on free caloric. — 
But I shall defer, till our next meeting, what I have further to say 
4)n this subject. I believe it will afford us ample conversation for 
another interview. 



COlSrVERSATIOJf 111. 

CONTINUATION OF THE SUBJECT. 

Mrs. B. In our last conversation, we began to examine the ten- 
dency of caloric to restore an equilibrium of temperature. Thii 
•property when cy;^ce well understood affords the explanation of a 

f:eat variety of facts which appeared formerly unaccountable. — 
ou must observCj in the first place, that the effect of this tendency 
18 gradually to brmg all bodies that are in contact, to the same 
temperature. ■ Thus the fire which burns in the grate, communi- 
cates its heat from one object to another, till every part of 4he room 
has an equal portion of it. 

Emily, And yet this book is not so cold as the tablfe on "which it 
lies, though botn are at an equal distance from the fire, and actual- 
ly in contact with each other, so that according to your tlieory, they 
should be exactly at the same temperature. 

Caroline, Ana the hearth which is much nearer the fire than the 
carpet, is certainly the colder of the two. 

Mrs. B. If you ascertain the temperature of th^e several bodies 

178. When we speak of a body radiating its own caloric, what do 
we mean .' 

179. What are very bad radiators of caloric ? 

180. Has caloric any effect upon the air i 

181. What is the temtencj of calorie? 

182. Do all Bubstaaces at the same temperature feel equaUy wann 
<«cold? . 
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by a thermometer (which is a much more accurate test than your 
feeling,) you will find that it is exactly the same. 

Caroline, But if they are of the same temperature, why should 
the one feel colder than the other? 

Mrs. £L The hearth and the table feel colder than the can>et or 
the book, oecause the latter are not "such good conductors of heat 
as the former. Caloric finds a more easy passage through marble 
and wood, than through leather and worsted ; the two former will 
therefore absorb heat more rapidly from your hand, and conse- 
quently ffive it a stronger sensation of cold than ths two latter, al- 
, though they are all really of the same temperature. 

^Caroline, So, then, the sensation I feel on touching a cold body, 
^ in proportion to the rapidity with which my hand yields its heat 
Id that body. 

Mrs, B, Precisely; and if you lay your hand suocessiyely on 
every object in the room, you will discover which are good, and 
which are bad conductors of heat, by the dififerent degrees of cold 
which you feel. But in order to ascertain this point, it is necessary 
that the several substances should be of the same temperature, 
which will not be the case with those that are near the fire, or 
those that are exposed to a current of cold air from a window or 
door. 

Emdy. But what is the reason that some bodies are better coi^- 
ductors of ^eat than others ? 

Mrs, B, This is a point not well ascertained. It has been con- 
jectured that a certain union or adherence takes place between the 
calpric and the particles of the body througrh which it passes. K 
this adherence be strong, the body detains the heat, and parts with 
it slowly and reluctantly ; if slight, it propagatesi it freely and ra- 
pidly. The conducting power Z^ a body is therefore, inversely, as 
Its tendency to unite with caloric. 

Emily, That is to say, that the best conductors are those that 
have the least affinity for caloric. 

Mr^a, B, Yes ; but the term affinity is objectionable in this case,' 
because, as that word is used to express a chemical attraction, 
(which can be destroyed only by decomposition,) it cannot be ap^ 
plicable to the slight and transient union that takes place between 
free caloric and the bodies through which it passes; an union 
which is so weak, that it constantly yields to the tendency which 
caloric has to an equilibrium. Now you clearly understand, that 
the passage of caloric, through bodies that are good conductors, is 
much more rapid than through those that are bad conductors, and 
that the former both give and receive it more quickly, and there^ 

183. Why do they not? 

184. What are instances of substances of the same temperature pro* 
ducing different sensations of heat and cold ? 

185. To what is the sensation proportional on touching one's hand 
to a cold body ? 

186. How can we ascertain which bodies are good oonductom of* 
heat and which are not ? • 

187. Whv are some bodies better condocton of heat than othtm? 

188. Will caloric jmiss quickest through good or bad condocton? 
169. Which giyef it and receives it most readily ? 
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fote^ in a given time more abundantly, thaa bad conductors, whidi 
makes them feel either hotter or colder, though they may be in fact, 
both of the same temperature. '^ 

Caroline. Yes, I understand it now ; the table and the book lying 
upon it, being really of the same temperature, would each receive 
in the same space of time, the same quantity of heat fix>m my hand> 
were their conducting powers equal ; but as the table is the best 
inductor of the two it wiU absorb the heat from my hand more 
rapidly, a^d consequently produce a stronger sensation of cold than 
the book. 

Mrs'. B, Very well, my dear 5 and observe, likewise, that if you 
were to heat the table and the book an equal number of degrees 
above the temperature of jcfur body, the table, which before felt 
the colder, would now feel the hotter of the two ; for, as in thefirst 
case it togk the heat most rapidly from your hand, so now it will im& 
part heat most rapidly to it. Thus the marble table, which seems 
to us colder than the mahogany one, will prove the hotter of the 
two to the ice ; fi)r if it takes heat more rapidly from our hands, 
which are warmer, it will give out heat more rapidly to the ice, 
whidi is colder. Do you understand the reason of these apparent- 
ly opposite eflfects ? 

JSmify, Perfectly. A body which is a good conductor of caloric 
^ffi)rdsitafree passase; so that it penetrates through that body more 
rapidly than tlurough one* which is a bad conductor ; and conse- 
quently, if it is colder than your hand, you lose more caloric, and if 
it is hotter you gain more than a bad conductor of the same tem- 
perature. / 

Mrs. B{ But you must observe that this is the case o«ly wh^n 
the conductors are either hotter or colder than your hand ; for, if 
you he?t different conductors to the temperature of your body, they 
will all feel equally warm, since the exchange of caloric between 
bodies of the same temperature is equal. Now, can you tell me 
why flannel olothinff, wiiich is a very bad conductor of heat, pre- 
vents our feeling cokl ? 

Caroline. It prevents the cold from penetrating. 

Mri.^ B^ But you forget that cold is only a negative quality. 

Caroline, True, it oi3y prevents the heat of our bodies from es- 
caping so ra^dly as it would otherwise do, 

Mrs* B. Now you have explained it right ;^ the flannel father' 
keeps in the heat, than keeps out the cold. Were the atmosphere 
of a higher temperature than our bodies, it would be equally eflfica- 
cious in keeping their temperature at the same degree', as it would 
prevent the free access of the external heat^ by the diflleulty with 
which it conducts it. 

Emily, This, I think, is very clear; Heat, whether external or 
internal, cannot easily penetrate flannel ; therefore, in cold weather 

190. If we lay our hand- upon a table and a book- both of the same 
temperature, why does the table produce fl stronger sensation of cold 
than the book ? 

191. Under what circumstances will good and' bad' conductors feel- 
equally warm to our flesh ? 

192. Whv does flannel clothing prevent our feeling cold ? 

193. Under what circumstances, or when would a flannel dress pro*" 
inoe a contrary effect in our feelings } 
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it keeps us wann, and if the weather were hotter than otu bodiet,^ 
it would keeyp ns cool. 

A&s. B. The most dense bodies are, generally speaking, the beaut 
condnctorsot heat ; probably because the denser the body thegreat^ 
er are the number of points or particles that eome in contact with 
caloric. At the common temperature of the atmosphere, a piece of 
metal will feel much colder than a piece of wood, and the latter 
than a; piece of woollen cloth ; this again will feel colder than flan- 
nel ; and down, which is one of the lightest, is at the same time one. 
of the warmest bodies.* 

OtroUne, This is, I suppose, the reason that the plttma^t>f birds 
preserves them so effectually from the influence of cold m winter? 

Mrs. B, Yes ; but though feathers in general are an excellent 
preservatiye against cold, down is a kind of plumage, peculiar to^ 
aquatic birds, and covers their chest, which is the part most ex-. 
posed to the water ; j for though the surface of the water is not of a 
lower temperature ihan the atmosphere, yet it is a better conduc- 
tor of heat, it feels much colder, consequently the chest of the bird, 
requires a warmer covering than any othejr part of ita body^ Bo- 
sides, the breasts. of aquatic birds. Sure e^mosed to cold, not olily from, 
the temperature of the water, biit also from the velocity with which 
the breast of the bird strikes against it ; and likevnse from the ra^ 
id evaporation occasioned in that part by the air against which it 
strikes, after it has been moistened by dipping from time to time 
into the water. 

If you hold a finger of one hand motionless in a glass of water, 
and at the same time move a finger of the other hand swiftly through, 
water of the same temperature, a different sensation will be soon 
perceived in the different finders, f 

Most animal substances, especially thos^ which Providence ha^ 
assigned as a covering for animals, such as fur, wool, hair, skin, &c. 
are bad conductors of heat, and are, on that account, such excellent 
preservatives against tlFe inclemency of winter, that our warmest 
apparel is made of these materials. 

* One reason why fur, down, &c. conduct heat so badly, is, that 
they contain a large quantity of air, which is a wofse conductor than 
the materials themselves.— 4U. 

t The reason seems to be, that the finger, when it is still, warms 
the. water.in contact with it ; vvhile the one that is stirring is con- 
stantly exposed to fresh applications of cold.-^. 

194. What bodies are generally considered the best conductors of 
caloric ? ' ' 

195. Why are dense bodies the best conductors ? 

196. If the surface of water b not of a lower temperature than the 
atmosphere, why does it feel colder ? 

197. Why are fur, hair, wool, and down, good preservaUvei against 
the inclemency of winter ? 

198. Wiy are they had condMCtors of caloriof 

199. If you hold a finger of one hand tnotionless in a glass qfynuer^ 
and at me same time move a finger of the other hand sw\fUy through toa-^ 
ter of the same temperature^ why is a different sensation produced ^ 



Digitized 



by Google 



WBMM GALOmiC, 81 

£Mfy. Wood isj I daro say, not so ^[ood a oondnctor as metal, 
and it is for that leason, no doabt, that sihrer tea pots have always 
wooden han^Ues, 

Mrs. B, ^ea ; and it is the facility with which metals c<nidacl 
caloric that made you suppose that a silyer pot radiated more ca- 
loric than an earthen one. The silver pot is in fact hotter to the 
hand when in contact with it ; but it is because its conducting pow^ 
er more than counterbalances its deficiency in regard to radiation. 

We have observed that the most dense bodies are in general, the 
best conductors ; and metals you know, are of that class. [ Porous 
bodies, such as the earths, and wood, are worse conductors, chie^^ 
ly, I believe, on account of their pores being ^ed with air ; for aix 
is a remarkabl}^ bad coijidnctor J 

Caroline, It is a very fortunate circumstance that air should be 
a bad conductor, as it tends to preserve the heat of the body when 
exposed to cold weather. 

Mrs, B. It is one of the many benevolent dispensations of Prov-^ 
idence, in order to softer t^e ineleii^ency of the season, and to ren-» 
de^Fs almost all climates habitable to man. 

> In fluids of different densities, the power of conducting heat va- 
ries no less remarkably ; if you dip your hand into this vessel full 
of mercury, you will scarcely conceive that its temperature is not 
lower than that of the atmosphere.' 

Caroline. Indeed I kqow not how to believe it, it feels so extreme- 
ly cold. But we may easily ascertain its true temperature by the 
thermometer. It is really not colder than, the air : the apparent 
difference then is produced merely by the difference of the conduct^ 
ing power in mercury and ijo^ air. 

Mrs. B. Yes ; hence you may judge- how littlj^ the sense of feel«* 
mg is to be. relied on as a test of the temperature of bodies, and how 
necessarjT a thermometer is for that purpose. 

It has indeed been doubted whether fluids have the power of con- 
ducting caloric in the same manner as solid bodies. Count Rum- 
ford a very few years since, attempted to prove by a variety of ex-i 
periments, that fluids when at rest, were qiot at all endowed with 
this property. 

CaroUne. How is that possible, since they are capable of impsurt- 
ing cold or heat to us ; for if they did not conduct heat, they would 
neither take ijt front, nor give it to us ? 

Mrs. B. Count Rumford did not mean to say that fluids would 
not communicate their heat to solid bodies ; but only that heat doea 
not pervade fluids, that is to say is not transmitted from one particle 
of a fluid to another, in the same manner as in solid bodies. 

Emily. But when you heat a vessel of water over the fire, if the 
particles of water do not conmiunicate heat to each other, how does 
&ie water become hot throughout ?= 

200. Why does a silver tea pot feel hotter to the hand than an 
earthen one ? 

201. Why are wood and earths bad conductors of it ? 

202. Have fluids of different densities the same power of conducting 
caloric? 

203. Ought the sense of feeling to be relied. on as a test. of the tem*. 
perature of bodies? Why ? 
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Mrs. B. BjT constant agitation. Water as yon have seen, ex- 
jwnds by heat, in the same manner as soUd bodies ; the heated par^* 
tides of water, therefore, at the bottom of the vessel, being spe- 
cifically hghtet than the rest of the liquid, and consequently ascend 
to the soriice, where, parting with some of thmr heat to ihe colder 
atmosphere, Uiey are condensed and give way to a fresh succession 
of heated particles ascending from the bottom, which, having 
thrown off their heat at the snr&ce, are in their turn displaced.—^ 
Thus every partide is successively heated at the bottom, and cod- 
ed at the sur&oe of the liquid ; but aa the fire- communicates heat 
more rapidly than the atmosphere coob the soceessiofi of surfiuses, 
the whole of the liquid in time becomes heated. 

Caroline. This accounts most ingeniously for the propagation of 
heat upwards. But suppo^ng you were to heat the upper surface 
of a liquid, the partides being specifically lighter than those below, 
could not descend ; how therefore would the heat be commnnica* 
ted downwards ? 

Mrs. B. 1£ there were no agitation to force the heated sur&ce 

downwards. Count Rumford assures us that the heat would not de^ 

V scendl In proof of this he succeeded in making the upper surface 

of a vessd of water boil and evaporate, while a cake of ice remain^ 

•d frozen at the bottom.-* 

Caroline. That is very extraordinary indeed T 

Mrs. B. It appears so, because we are not accustomed to heat 
Hquids by their upper sur^u% ; but you will understand this theory 
better if I show you the internal motion that takes place in liquids 
when the^ experience a change of temperature. The motion of 
the liquid itself is indeed invisible, from the extreme minuteness of 
its particles ; but if you mix with it any colored dust, or powder, 
<^ nearly the same-i^pecific gravity as the liquid, you may judge of 
the internal motion of the latter by that of the colored dust it con- 
tains. — ^Do you see the small pieces of amber moving about in the 
liquid contained in this phial ? 

Caroline. Yes, perfectly. 

Mrs. B. We shall now mmierse the phial in a glass of hot' water, 
and the motion of the liquid will be shown by that which it. comma* 
nicates to the amber. 

Emihf. I see two cuTrent&> the one rising along the ades of the 
phial, the other descending in the centre ; but I do not understand 
the reason of this. 



* Dr. Thomson sajn^^" All fluids, however, are <^pable of con- 
ducting caloric; for when the sourcb of heat is applied to their 
surface, the caloric gradually makes its- way downwardsj and the 
temperature of every stratum-gradually diminishes from the surface 
to the bottom of the liquid." — C. 

204. How are fluids heated, when placed over the fire ? 

205. By what experiment did Count Rumford attempt to prove^ 
that fluids do not conduct caloric downwards ? 

206. Whut toas Dr. Thomson's opinion on tki^ subject ? 

207. What experiment shows the internal motion that takes pladl^ 
lA Hquids when they experience a change of temperature ' 
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Mrs, BI The hot water communicates its caloric, through the 
medium of the phial, to the particles of the fluid nearest to the glass ; 
these dilate and ascend laterally to th^ surface, where, in parting 
with their hea^ they are condensed, and in descending, form Uie 
central current. 

Caroline, This is indeed a very clear and satisfactory experiment ; 
but how much slower the currents now move than they did at first ! 

Mrs, B, It is because the circulation of particles has nearly pro- 
duced an equihbrium of temperature between the hquid in the glass 
and that in the phial. 

Caroline. But these communicate laterally, and I thought that 
heat in liquids could be propagated only upwards. 

Mrs, B, You do not take notice that the heat is imparted from 
one liquid to another, through the medium of the phial itself, the 
external surface of which receives the heat from the water in the 
^lass, whilst its internal surface transmits it to the liquid it contains. 
Now take the phial out of the hot water, and observe the effect of 
its cooUng.J- \ 

Emily, /The currents are reversed ;^ the external current now 
descends, Wd the internal one riseaM^-I guess the reason of this 
change ; the phial being in contact with cold air instead of hot wa- 
ter, the external partides are cooled, instead of being heated ; — 
they therefore descend and force up the central particles, which, 
being warmer, are conseouently lighter. 

Mrs, B, It is just so ; Count Rumfbrd hence infers, that no alter* 
ation of temperature cian take place in a fluid, without an internal 
motion of its particles ; and as this motion is produced only by the 
comparative levity of the heated particles, heat cannot be propaga- 
ted downwards. 

i But though I believe that Count Rumford's theory as to heat being 
incapable of pervading fluids is not strictly correct, yet there is, no 
doubt, much truth in his observation, that the communication is 
materially promoted by a motion of the parts ; and this accounts for 
the cold that is found to prevail at the bottom of the lakes in Swit-» 
serland, which are fed by rivers issuing from the snowy Alps. The 
water of these rivers being colder, and therefore more dense than 
that of the lakes, subsides to the bottom, where it cannot be aflTect* 
ed by the warmer temperature of the surface; the motion of the 
waves may communicate this temperature to some Ifttle depth, but 
it can descend no further than the agitation extendsy 

EmUy, But when the atmosphere is colder Qian the lake, the 
colder surface of the water will descend, for the very reason that 
the warmer will not. 

Mrs, B, Certainly ; and it is on this account that neither a lake 
nor any body of water whatever, can be frozen until every particle 

208. Why does one of the ourrents rise along the side of the phial 
and the other descend in the centre, when the phial is immersed in 
hot water ? 

209. if the phial be taken out of the hot water, what will be the ef- 
fect? 

210. What is the reason of this change ? 

211. Why does cold prevail at the bottom of the UOlcs in Switzer* 
land, which are fed by the rivers issuing from the snowy Alps ? 

212. When is a lake or an^ eol]ectio^ of water fro^n ? 
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of the water has risen to the surface to give off its calorie to the cold- 
er atmosphere ; therefore the deeper a bpdy of water is, the longer 
will be the time it requires to be trozeo^ 

Emihf, But if the temperature of the whole body of water be 
brought down to the freezing point, why is only the surface frozen ? 

Jm-s. B, The temperature of the wliole body is lowered, but not 
to the freezing point. The diminution of heat, as you know, pro- 
duces a contraction in the bulk of fluids, as well as of solids. This 
eflfect, however, does not take place in water below the tempera- 
ture of 40 degrees, which is 8 degrees above the freezing point. At 
that temperature, therefore, the internal motion, occasioned by the - 
increased specific gravity of the condensed particles ceases; for 
when the water at the surface no longer condenses, it will no long- 
er descend and leave a fresh surface exposed to the atmosphere ; this 
surface alone, therefore, will be further exposed to its severity, and 
will soon be brought down to the freezing point, when it becomes 
ice, which being a bad conductor of heat, preserves the water be- 
neath a long time from being affected by the external Ofild*^ 

Caroline, And the sea does not freeze, I suppose, because its 
depth is so great, that a frost never lasts long enough to bring down 
the temperature of such a great body of water to 40 degrees ? 

Mrs, B, That is one reason why the sea, as a large mass of wa- 
ter, does not freeze, ijut independently of this, salt water does not 
freeze till it is cooled much below 32 degrees, and with respect to 
the law of condensation, salt water is an eji^eiition, as it condenses 
even many degrees below the freezing poiiu. j When the caloric of 
fresh water, therefore, is imprisoned by tne ice on its surface, the - 
ocean still continues throwing off heat into the atmosphere, which 
is a most signal dispensation of Providence to moderate the intensi- 
ty of the cold in winter. 

Caroline, This theory of the non-conducting power of liquids, 
does not, I suppose, hold good with respect to air, otherwise the at- 
mosphere would not be heated by the rays of ihe sun passing 
through it ? 

Mrs, B. Nor is it heated in that way. The pure atmosphere is a 
perfectly transparent medium, which neither radiates, absorbs, nor 
eotiducts caloric, but transmits the rays of the sun to us without in 
any way diminishing their intensity. The air is therefore not more 
heated, by the sun's rays passing through it, than diamond, glass, 
water, or any other transparent medium.* 

Caroline. That is very extraordinary! Are glass windows not 
heated then by the sun shining on them? 

* To show still better that transparent media are not heated by 
the rays of the sun, throw the focus of a burning lens intp a vessel 
Of dear water. No effect on the temperature will be produced ; 
"but if an opake body, as a piece of cotk, be introduced under the 
focus, the water at this point instantly begins to boil. — C. 

213. Why does water first freeze at the surface ? 

214. Why does not the surface of the sea freeze? 

215. What moderates the intensity of cold in winter? 

21S. Is the atmosphere heated by the rays of the sun passing through 
it? 

217. What eaBperimtna mentioned in the note, froves tiuU tranapor 
rent media are not heated by the rays of the sunf 
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Mrs, B. No ; not if ihe glass be perfectly transparent. A moet 
eonyincmg proof that glass transmits the rays of the sun without 
being heated by them, is afforded by the burning lens, which by 
converging the rays to a focus, will set combustible bodies on fire, 
without its own temperature being raised. 

Emily, Yet Mrs. B., if I hold a piece of glass near the fire, it is 
almost mimediately warmed by it ; the glass, therefore, must retain 
Fome of the caloric radiated by the fire. Is it that the solar rays 
alone pass freely through the glass without pajring tribute ? It seems 
unaccountable that the radiation of a common fire should have 
power to do what the sun's rays cannot accomphsh. 

Mrs, B. It is not because the rays from the £u:e have more power, 
but ratlifer because they have less, that they heat glass and other 
transparent bodies. It is true, however, that as you approach the 
source of heat, the rays being nearer each other, the heat is more 
condensed, and can produce effects of which the solar rays, from 
the great distance of their source are incapable. — Thus we should 
find it impossible to roast a joint of m^ii^by the sun's rays, though 
it is so easily done by culinary heat. (Yet caloric emanated from 
burning bodies, which is commonly called culinajcy fteat, has neither 
the intensity nor the velocity of solar raysJyAll caloric, we have 
said, is supposed to proceed originally from /me sun ; but after hav- 
ing been incorporated with terrestrial bodies, and again given out 
by them, though its nature is not essentially altered, it retains nei- 
ther the intensity nor velocity with which it first emanated from 
that luminary ; it has therefore not the power of passing through 
transparent mediums, such as glass and water, without being par- 
tially retained by those bodies^ " 

&mly, I recollect that in the experiment on the reflection of 
heat, the glass screen which you interposed between the burning 
taper and mirror, arrested the rays of caloric, and suffered only 
those of hght to pass through it, 

Caroline. Glass windows, then, though they cannot be heated by 
the sun shining on them, m^ be heated internally by a fire in the 
room ? But, Mrs. B. , since the atmosphere is not warmed by the 
solar rays passing through it, how does it obtain heat ? For all the 
fires that are burning on the surface of the earth would contribute 
Tcry little towards warming it. 

Emily. The radiation of heat is not confined to burning bodies ; 
for all bodies, you know, have that property ; therefore, not only 
every thing upon the surface of the earth, but the earth itself, must 
radiate heat ; and this terrestrial caloric, not having, I suppose, suf- 
ficient power to traverse 'the atmosphere, communicates heat to it. 

Mrs. B, Your inference is extremely well drawn, Emily ; but the 
foundation on which it rests is not sound ; for the fact is, that ter- 
restrial or culinary heat, though it cannot pass through the denser 
transparent mediums; such as glass, or water, without loss, travers- 
es the atmosphere completely ; ko that all the heat' which the earth 

218. What is culinary heat? / 

219. Why does fire heat glass, when the sun does not ^ 

220. To what experiment is allusion here made illustrative of this 
subject ^ 
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ladiates, unless it meets with clouds* or any foreign bod^ to inter- 
cept its passage, passes into Uie distant regions of the universe) 

Carobne, What a pity that so much heat should be wasted:! 

Mrs, B. Before you are tempted to object to any law of nature, 
reflect whether it may not prove to be one of the numberless dispen- 
sations of Providence for our good. \Jf all the heat which the earth 
has received from the sun since the creation, had been accumulated 
in it, its temperature at this time, would no doubt have been more 
elevated than any human being could have borne* 

Caroline. I spoke, indeed, very inconsiderately. But, Mns. B., 
though the eartn, at such a high temperature, mi^ht have scorched 
our feet, we should always have had a cool refreshing air to breathe, 
since the radiation of the earth does not heat the atmosphere. 

Emily. The cool air would have afforded but very insuflScient 
refreshment, whilst our bodies were exposed to the burning radia- 
tion of the earth. 

Mrs. B. Nor should we have breathed a cool air ; for though it is 
true that heat is not communicated to the atmosphere by radiation, 
yet the air is warmed by contact with heated bodies, in the same 
manner as solids or liquids. The stratum of air which is immedi- 
ately in contact with the earth is heated by it ; it becomes specific- 
ally lighter, and nses, making way for another stratum of air, which 
is m its turn heated and carried upwards ; and thus each successive 
stratum of air is warmed by coming in contact with the earth. You 
may perceive this effect in a sultry day, if you attentively observe 
the strata of air near the surface of the earth ; they appear in con- 
stant agitation ; for though it is true the air itself is invisible, yet 
the sun shining on the vapors floating in it, render them visible, like 
the amber dust in the water. The temperature of the surface* of 
the earth is therefore the source from whence the atmofephere de- 
rives its heat, though it is communicated neither by radiation, nor 
transmitted from one particle of it to another, by the conducting 
power; but every particle of air must come in contact with the 
earth in order to receive heat from it. 

Emily. Wind, then, by agitating the air, should contribute to 
cool the earth and warm the atmosphere, by bringing a more rapid 
succession of fresh strata of air in contact with the earth ? and yet 
in general wind feels cooler than still air. 

Mrs. B. Because the agitation of the air carries off heat from the 
surface of our bodies more rapidly than still air, by occasioning a 
greater number of points of contact in a given time. 

* Every one has observed how oppressive the heat is on a foggy, 
or cloudy day in the sunmier. The moisture of the fog absorbs the 
heat which the earth radiates, and throws it back upon the earth 
again, and upon us. — C. 

221 . What becomes of the heat which the earth radiates ? 

222. What would be the effect if all the heat which the earth has re 
ceived from the sun, since the creation, had been accumulated in it? 

223. Why in summer, is it particularly hot in cloudy, or fogg} 
inreather ? 

224. How is the air heated, \f notas has been said, hy the rays of tks 
sunpassing through Uf 

US&. Why is the wind cooling (o our bodies ^ 
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Endkf, Since it is from the earth, and not the son, that the at- 
mosphere reoeives its heat, I no longer wonder thatelerated regions 
should be colder than plains and yaQleys. It was always a subjed 
of astonishment to me, that in ascending a mountain and approach* 
ing the son, the air became colder instead of being more heated. 

Mrs, B. At the distance of about a hundred miUions of miles, 
which we are from the sun, the approach of a few thousand feet 
iiaakes no sensible difference, whilst it produces a very considerable 
efiect with regard to the warming of the atmosphere at the sij^aca 
of the earth. 

Caroline, Yet as the warm air. arises from the earth, and the cold 
air descends to it, I should have supposed »that heat would have ac- 
cumulated in the upper regions of the atmosphere, and that we 
sliould have felt the air warmer as we ascended. 

Mrs, B, The atmosphere you know, diminishes in density, and 
consequently in weight, as it is more distant from the earth ; the 
warm air, therefore, rises only till it meets with a stratum of air of 
its own density; and it will not ascend into the upper regions of the 
atmosphere until all the parts beneath have been previously heated. 
The length of summer, even in warm climates, does not heat the air 
sufficiently to melt the snow which has accumulated during the win- 



Fig. 6. 




Boiling water in a flask over . i i • j, 

a patent lamp. the chimney fire. 



ter on very high mountains, although they 
are almost constantly exposed to the heat 
of the sun's rays, being too much elevated 
to be often enveloped in clouds. 

Emily, These explanations are very sat- 
isfactory ; but allow me to ask you one more 
question respecting the increased levity of 
heated liquids. You said that when water 
was heated over the fire, the particles at the 
bottom of the vessel ascended as soon as 
heated, in consequence of their specific 
levity; why does not the same effect con- 
tinue when the water boils and is converted 
into steam? and why does the steam arise 
from the surface instead of the bottom of 
the liquid ? 

Mrs, B, The steam or vapour does as- 
cend from the bottom, though it seems to 
arise from the surface of the liquid. We 
shall boil some water in this Florence flask, 
(Fi^. 6.) in order that you may be well ac- 
quainted with the process of ebullition ; you 
will then see through the glass, that the va- 
por rises in bubbles from the bottom. We 
shall make it boil. by means of a lamp, which 
is more convenient for this -purpose than 



226. Why is it colder on high hills and mountains than it is in val- 
leys, since the former are nearer the sun than the latter, and since, al- 
so, it is the nature of the air to rise as it becomes warmed ? 

2S?7. What illustration is mentioned to show that the air is not 
heated by the sun's rays passing through it ? 

828 Does water boj from the top, or from the bottom of a vessel ^ 
6 
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Emtfy, I see some smaD babbles aseend, and a g[ieai manjr appear 
all over the in^e of the flask ; does the water begin to boil already f 

Mrs, B. No ; what you now see are bubbles of air, which were 
either dissolved in the water, or attached to the inner sur&ce of 
the flask, and\duch, being rarefied by the heat, ascend in the water. 

Emihf, But the heat which rarefies the air inclosed in the water 
must rarefy the water at the same time ; therefore, if it could remain 
stationary in the water when both were cold, I do not understand 
why it should not when both ai« equally heated. 

Mrs, B,( Air being much less dense than water, is more easily 
rarefied; the former, therefore, expands to a great extent, whilst 
the latter continues to occupy nearly the same space ; for the wa- 
ter dilates comparatively but very little without changing its state 
and becoming vapour. Now that the water in the flask begins to 
boil, observe what large bubbles rise from the bottom of it. 

Emily. I see them perfectly ; but I wonder that they have sufli- 
cient power to force themselves through the water ^^ ^ 

Caroline, They must rise, you know, from their specific levity J) 

Mrs. B. (You are right, Caroline, but vapor has not in all-41- 
quids (when^ brought to the degree of vaporization \ the power of 
overcoming the pressure of the less heated surface./ Metals, for in- 
stance, mercury excepted, evaporate only fiiom the suJlfeice ; there- 
fore no vapour will ascend from them till the degree of heat which 
is necessary to form it has reached the surface ; that is ^ ^y, tili 
the whole of the liquid is brought to a state of ebullition v 

Emily. I have observed that steam, immediately issuing from the 
spout of a tea kettle^ is less visible than at a further distance from 
it, yet it must be more dense when it first evaporates, than when it 
begins to difiuse itself in the air. 

Mrs. B. When the steam is first formed, it is so perfectly dissolv- 
ed by caloric, as to be invisible. In order, however, to Understand 
this, it will be necessary for me to enter into some explanation re- 
specting the nature of soi^ynoN. * Solution takes place whenever a 
body is melted in a fluid* In this operation the body is reduced 
to such a minute state of division by the fluid, as to become invisible 
in it and to partake of its fluidity ; but in common solutions this 
happens without any decomposition, the body being only divided 
into its integrant particles by the fluid into wliich it is melted. 

Caroline, It is then a mode of destroying the attraction of aggre- 
gation. 

Mrs. B, Undoubtedly — the two principal solvent fluids are xca- 
ter and caloric. You may have observed tluit if you melt salt in wa- 
ter it totally disappears, and the water remains clear and transpa- 
rent as before ; yet thou|?h the union of these bodies appears ao 
perfect, it is not produced by any chemical combination ; both tho 

2s29. What causes tho«e bobbles which ascend, and those which 
gather on the inside of a vessel when water is heating r 

230. Why is air more easily rarefied than water ? 

231 . When water begins to boil why do large bubbles rise frcmi the 
bottom ? 

232. Has vaponr always the power of overcoming the pressure of 
the less heated surface ? 

233. What substances evaporate only from the surface } 

234. When does solution take place ? 

235. What are the two principal solvent fluids.' 
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dait and the water remain onchanged ; and if yon were to separate 
them by evapoiating the latter, you would find the salt in the same 
state as before. 

Emily. I suppose that water is a «olvent lor «olid bodies, and ca- 
loric for liquids. 

Mrs, B. Liquids, of course, can only be cosverted into vapour by 
caloric. But the solvent power of this agent b not at ail confined 
to that class of bodies ; a ffreat variety of soHd substances are dis- 
solved by heat ; thus metaJs, which are insoluble in water, can be 
dissolved by intense heat,'being first fused or eonverted into a liquid 
and then rarefied into an invisible vapour. Many Other bodies, such 
as salt, ^ums, ^c yield to either of these solvents. 

Caroline. And that, no doubt, is the reason why hot water wiH 
melt them so much better than cold water. 

Mrs, B, It is so. Caloric may, indeed, be considered as having 
in every instance, some share in the solution of a body by water, 
since water, however low its temperature may be, always contains 
more or less caloric. 

Emily, Then, perhaps, water owes its solvent power merely to 
the caloric contained in it 

Mrs. B. That, probably, would be carrying the speculation too 
far ; I should rather think that water and caloric unite their eflbrts 
to dissolve a body, and that the difllcultyor facility of eflfecting this, 
depend both on the degree of attraction of aggregation to be over- 
come, and on the arrangement of the particles which are more or 
less disposed to be divided and penetrated by the solvent, 

Enih/. But haye not all liquids the same solvent power as water ? 

Mrs. B. The solvent power of other liquids vanes according to 

aeir nature, and that of the substances submitted to their action. — 
ost of these solvents, indeed, differ essentially from water, as they 
do not merely separate the integrant particles of the bodies which 
they dissolve, but attack their constituent principles by the power 
of diiemical attraction, thus producing a true decomposition.* These 
more comphcated operations we must consider in another place, 
and confine our attention at present to the solutions by water and 
caloric. 

Caroline. But there are a variety of substances which, when dis-^ 
solved in water, make it thick and muddy, and destroy its transpa- 
rency. 

Mrs, B, In thk case, it is not a solution, but simply a mixture. 
I shall show you the difference between a solution and a mixture, 
by putting some common salt into one glass of water, and some pow- 
der of ch3k into another ; both these substances are white^ buttheirC • 
effect on the water will be very different. 

Caroline. Very different, indeed ! The salt entirely disappears 

236. After salt has been dissolved in water, can they be separated 
so as to have the salt in the same state as before it was dissolved ? 
hj what means .' 

287. Has caloric any influence in the solution of a body by water ? 

238. On what does the difficulty or fiicility of dissolving bodies de- 
pend ^ 

239. Have all liquids the same solvent power as water ?^ ' 

240. How do these solvents differ from water ? 

841. What is the difference between a solution and a mixture ? 



Digitized 



by Google 



60 



FREE CALORIC. 



and leave the water transparent, whitet the chalk changes it into an 
. opaque liquid like milk. 

Jmdfy, And would lumps of chalk and salt produce similar ef^ts 
on water ? 

Mrs, B, Yes, but not so rapidly : salt is, indeed^ soon melted, * 
though in a lump : but chalk, which does not mix so readily with 
water would require a much greater length of time ; I therefore 
preferred showing you th^ experiment with both substances reduced 
to powder, which does not in any respect alter their nature, but fa- 
cihtates the operation merely by presenting a greater quantity of 
surfece to the water. 

I must not forget to mention a very curio^^s circumstance respect- 
ing solution, which js, that a fluid is not nearly so much increased 
in bulk by holding a body in solution, as it would be, by mere mix- 
ture with the body ? 

Caroline, How is that possible ? for two bodies cannot exist to- 
gether in the same space. 

Mrs, B, IVo bodies may, by condensation, occupy less space 
when in union thai* when ^parate, and this I can show you by an 
easy experiment. 

Tins pliial which contains some salt, I shall fill with water, pour- 
ing it in quickly, so as not to dissolve much of the salt ; and when 
it IS quite full I cork it. If I now shake the phial till the salt is dis- 
solved, you ^ill observe that it is no longer full. 

Caroline. I shall try to add a little more salt. But now you see, 
Mrs. B., the water runs over. 

Mrs. B, Yes ; but observe that the last quantity of salt you put 
in remains solid at the bottom and displaces -the water ; for it has 
already inelte;d all the salt it is capable of holding in solution. This 
is called the point of saturation ; and the water in this case is said 
to be Sf^Mratew yii\i salt. 

JEmily. I think I now understand the solution of a solid body by 
water perfectly • but I have not so clear an idea of the solution of a 
liquid by caloric. 

Mrs. B. It is probably of a similar nature ; but as caloric is an 
invisible fluid, its action as a solvent is not so obvious as that of wa- 
ter. Cajoric, we may conceive, dissolves v«rater and converts it in- 
to vapour by the same process as water dissolves salt ; that is to say, 
the particles of water are so minutely divided by the caloric as to 
become invisible. Thus, you are now enabled to understand why 
the vajwur of boiling water, when it first issues firom the spout of a 
kettle is invisil)le : it is so, because it is then completely dissdyed 
-py caloric. But the air with ^hich it comes in contact, bein^ 
touch colder than the vapour, the latter yields to it a quantity of 
its caloric. The particles of vapour being thus in a good measure 
deprived of their solvent, gradually collect, and become visible in 
the form of steam, which is water m a state of imperfect solution ; 
and if you were further to deprive it of its caloric, it would return 
to its original liquid state. 

942. Are fluids equally increased in bulk by the solution and the 
niizture of a solid ? 
343. What experiment proves that they are not? 

244. When is a solvent saturated ? 

245. Why is vapour less visible on first rising firom a Hqpud, than af- 
ter having ascended a distance ftom it ? 
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Carotine, That I trnderstand venr well. If yon hold a gold plate 
over a tearurn, the steam issuing nom it will be immediately ocm- 
verted into drops of water by parting with its caloric to the plate ; 
but in what state is the steam when it becomes^ inviBible by being 
diffused in air ? 

Mrs, B. It is not merely difiiised, but is again dissolvod by the air. 

Emify. The air, then, has a solvent power, like water 3ai calorie ? 

Mrs. B. This was formerly believed to be the case. (But it ap- 
pears from more recent enquiries that the solvent pow^ of the at^ 
mosphere depends solely upon the caloric contained m i^v Sometimes 
the watery vapor diffused in the atmosphere is but impeifectly dis- 
solved, as is the case in the formation of clouds and fogs ; but if it 
gets into a region suflSciently warm, it becomes perfectly invisible, 

Emiiy-^ Can any water be dissolved in the atmosphere without 
having been previously converted into vapour by boiling ? 

Mrs. B. Unquestionably ; and this constitutes the difference be- 
tween vaporization and evaporation. (Water, when heated to the 
boiling point, can no longer exist in the form of water, and must 
necessaniy be converted into vapour or steam, whatever may be 
the state and temperature of the surrounding medium ; this is called 
vaporization. But the atmosphere, by means of the caloric it con- 
tains, can take up a certain portion of water at any tepiperature, 
and hold it in a state of solution. This is simply evaporation . Thus 
the atmosphere is continually carrying off" moisture from the sui- 
fece of the earth, until it is saturated with itj 

Caroline* This is the case, no doubt, when we feel the atmosphere 
dmmp. 

Mrs. J5, On the contrary, when th€f moisture is well dissolved it 
occasions no humidity ; it is only when in a state of imperfect solu- 
tion and floating in the atmosphere, in the form of watery vapour, 
that it produces dampness. This happens more fequently in win- 
ter than in summer ; for -the lower the temperature of the atmos- 
phere, the less water it can dissolve ; and in reality it never con- 
tains so much moisture as in a dry, hot, summer's day. 

Caroline. You astonish me ; but why, then, is the air so dry in 
frosty weather, when its temperature is at the lowest ? 

.©Tii/y.x This, I conjecture, proceeds not sq much from the mois- 
ture being dissolved, as from its being frozen ;f is not that the case ? 

Mrs. B. It is J and the freeing of the witery vapor which the? 

• In cold climates, where there is not a cloud to be seen, and the 
sun rises in all his glory, the air is sometimes full of little particles 
of ice ^listening in every direction^ and forming a most beautilul 
spectacle. This is owing to ther condensation, and frefeang of the 
particles of water in the air, by the intentee cold. — C. 

246. Upon what does- the solvent power of the atmosphere depend } 

247. What causes f«^? 

248. What is the di^rence between vaporation and evaporization ^ 

249. Why does the atmosphere sometimes feel damp.'' 

250. When does the atmosphere contain most moisture, in suinmef 
er winter. 

951. Why is the air so dry in frosty weather .? 
d6SL How is frost produced. 



Digitized 



by Google 



63 FmXX GALOEIC. 

fttmoepheric heat could not dissolre, produces what is called a hoas 
frost ; for the prides descend in freezing, and attach themselites 
to whatcTer they meet with on the sur&ee of the earth. 

The tendency of free caloric to an equilibrium, together with its 
solvent power, are likewise connected with the phenomena of rain, • 
of dew, &c. When most air of a certain temperature happens to, 
pass through a Qold region of the atmosphere, it| parts with a por- 
tion of its heat to the surrounding air ; the. quali^y^ of caloric, there- 
fore, which served to kee]^ the water in a state of vapour, being di- 
minished, the watery particles approach each other, and form thei^- 
flielves into drops of water, which, odng heayier than the atmosphera 
descend to the earth. There are also other circumstances, and par- 
ticularly the variation in the weight of the atmosphere, the changes, 
which take place in its electricsu state, &c. which may contribute 
to the formation of rain. This, however, is an intricate subject, 
into Which we cannot more fully enter at present. 

EmUy, In what, manner do you aocount for,the formation of dew ? 

Mrs, B. \i)ew is a deposition of watery. particles or minute drp^^ 
from the atmosphere, precipitated by the coolness of the evenings 

Caroline, This precipitation is owing, I suppose, to the coo^g 
^f the atmosphere, which prevents its retaining so great a quantity 
of watery vapour; in solution as dur^g th^.heat of the day. 

Mrs^ 6* Such was, from time immemorial, the^^erallyreceiyjed; 
opinion respecting the cause of dew ; but it has been very recently 

5 roved by a course of ingenious experiments of Br. Wells, that t^e 
eposition of dew is product by the. cooling of the surface of the 
earth, which he has shown to take place previously to the cooling 
of the atmosphere ; for on examining the temperatnre of a plot of 
grass just before the dew-fall, he found that it was considerably 
colder than the air a few feet above it, from which the dew, \^|is 
short]y,afler precipitated t' 

En^, But why.sl^ould ik^ e^rth cool in the ev^^g sooner than 
the atmosphere..?' 

Mrs, B, ^(sanse Jt parts \7ith its heat-. more. readily than the air ; 
the eaxfii is an excellent radiator of caloric, whilst the atmosphere. 
Qoes not possess that property, at least in any sensible degree. Tin. 
wards evening, thererore, when the solar heat declines, and when, 
,afler sun-set it entirely ceases, the earth rapidly cools by radiatinff 
heat towards the skies ; whilst the air has no means of parting with 
its heat but by coming in contact with the cooled surface of the 
earth, to which it communicates its caloric/ Its solvent power be- 
ing thus reduced, it is unable.to retain so large a pqrtiojt^ of watery 
vapour, and deposits tho^e pearly drops which we call dew. 
. jBrnily. If this be the ciause of dew, we need not be apprehensive 
of receiving any injury irom. it ;. for it^can be depQsited,onlyo;j sur- 
faces that are colder thaii the atmosphere, which is never the case, 
with our bodies. 
Mrs.B, Very true ; yet I would not-advise you for this reason to 

253. How IS rain formed ? 

254. In what maimer do we account for the formation of dew ? 

255. To what is the precipitation owing that takes place in the pro-. 
Auction of dew? • t. 

256. Why does the earth cool sooner in tbe evening than the at*, 
mosphere.^ 

2d7. What ill effects may result from dew to health? 
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be too confident of escaping aU the ill effects which may arise ttom 
exposure to the dew ; for it may be deposited on your clothes, and 
chill you afterwards by its eyaporation m>m them. Besides, when- 
ever the dew is copious, there is a chill in the atinosphere which m 
not always safe to encounter. 

Caroline, Wind, then, should promote the deposition of dew, by 
. . . , • • rith 



bringing a more rapid succession of particles of air in contact witL 
the earth, just as it promotes the cooling of the earth and warming 
of the atmosnhere during the heat of the day ? 

Mrs, B. This may be the case in some desxee, provided the agita- 
tion of the' air be not considerable; for when the wind is strong 
it is found that less dew is de^sited than m eahn weather, especiaf 
ly if the atmosphere be loaded with clouds. These accumulations 
of moisture not, only prevent the free radiation of the earth to-* 
wards the upper regions, but themselves radiate towards tiie earthy 
for which reasons much less dew is formed than on fine clear nighta 
when the radiation of the earth passes without obstacle through the 
atmosphere to the distsnt regions of 8pace> whence it receives no 
caloric in exchang^. Ilie dew continues to be deposited during the 
night, and is generally the most abundant towards morning when 
the contrast between the temperature of the earth, and that of the 
air, is greates^. Afler sunrise the equilibrium of temperature be- 
iween those two bodies is gradually restored by the solar rays pass- 
ing freely through the atmosphere to the earth ; and later in the 
morning the temperature of the earth ^ins tlie ascendancy^ said 
gives out caloric to the a^by contact, in' the same manner as it re^ 
ceives it from the air dmring the night. 

Can you tell me, now, why a bottle of wine taken fresh from the 
cellar (in summer particularly,) will soon be covered with dew; 
and even the glasses into which the wine is poured will be mois-^ 
tiened with a similar vapour ? 

Emily, The bottle being colder than the surrounding air, must 
absorb caloric from it; the moisture, therefore, which that air coa-% 
i^ed, becomes visiWe, and. form^ tlie dew which is deposited on 
die bottle*^' 

Mrs, B, Very well, Emily-. Now Caroline, can you inform me* 
why, in a warm room or close cariiage, the contrary effect takes 
place ; that ia to say, that the inside of the "windows is covered with 
vapour ? / 

Caroline,^ have heard that it proceeds from the breath of those 
within the room or the carriage ; and I suppose it i^ occasioned by 
the windows which,, being colder than the breath, deprive it of part ' 
of its caloric, and by this means convert it into watery vapour^ 

Mrs, B. You have both explained it extremely well, imdies at- 

258. When dees wind promote the deposition of dew ? 

259. Why does more dew. accumulate ii*. a clear night than when, 
it. is cloudy.'' 

260. When is the dew most abundant, and why is it then most 
abundant ? 

261. Why is a tumbler or. bottle filled with, cold water covered with, 
ipoisture in a warm day ? 

262. Why in a wrfm rooin or in a close carriage does moisture 
collect on the inside of the windows ? 

263. Why does less dew collect on rocks and sands, than en grasSx 
%nd vegetables ? 
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tn/ti dew IB pioportioii as theyare good radiators of cabdcL as it is 
this auality whieh reduces their temperature below that of the at* 
mosphere ; hence we find that little or no dew is deposited on rocks, 
sand, or water ; while grass and liying vegetables, to which it ia so 
highly beneficial, attract it in abundance—enother remaxkalde in* 
stance of the wise and bountiful dispensations of Providence^ 

Emily, And we may again observe it in the abundance of dew in 
summer, and in hot climates, when its cooling effects are so mudi 
required; but I do not understand what natural cause increases 
the dew in hot weather ? 

Mrs, B. \^he more caloric the earth receives during the day, the 
more it willjadiate afterwards, and consequently the more rapidly 
its temperature will be reduced in the evening, in comparison to 
that of the atmosphere. In the West Indies especially, where the 
intense heat of the day is strongly contrasted with the coolness of 
the evening-, the dew is prodigiously abundant.. During a drought 
the dew is less plentiful, as the earth is not sufficiently supplied with 
moisture to be able to saturate the atmosphere. 

Caroline. I have often observed, Mrs. B., that when I walk out 
in frosty weather, with a veil over my face, my breath freezes upon 
it. Pray what is the reason of that ? 

Mrs, i, (h is because the cold air immediately seizes on the calo- 
ric of your breath, and, by robbing it of its solvent, reduces it to a 
denser fluid, which is the watery vapour that settles on your veil, 
and there it continues parting with its caloric till it is brought down, 
to the temperature of tne atmosphere, and assumes the form of ice. 

You may, perhaps, have observed that the breath of animals, or 
rather the moisture contained in it, is visible in damp weather, or 
during a frost. In the former case, the atmosphere bemg over satu- 
rated with moisture, can dissolve ito more, in the latter, the cold 
condenses it into visible vapor ; and for the same reason the steam 
arising from water that is warmer than the atmosphere, becomes 
visible!. Have you never taken notice of the vapour rising from 
your hands after having dipped them into warm water ? 

Caroline, Frequently, especially in frosty \^eather. 

Mrs, B, We have already observed that pressure is an obstacle 
to evaporation : there are liquids which contain so great a quantity 
of caloric, and whose particles- consequently adhere so slightly to* 
gether, that they may be rapidly converted into vapour without any 
elevation of temperature, knerely by taking oflf the weight of the at- 
mosphere. In such liquids you perceive, it is the pressure of the 
atmosphere alone that connects their particles, and keeps them in 
a liquid state. 

Caroline, I do not well understand why the particles of such flu- 
ids should be disunited and converted into vapour, without any ele- 
vation of temperature, in spite^of the attraction of cohesion. 

Mrs, B, It is because the degree of heat at which we usually 

264. Why does more dew collect in summer and in cold climates 
than in winter and warm climates ? 

265. Why is there a small quantity of dew in a time of drought? 

266. Why is the moisture contained in the^reath of animals viat^ 
ble in damp weather, or during a frost? 

^ 267. How are certain Uquidis, which contain a ffieat degree of cakK 
ae,. converted into vapour, without any increase of tempeiatuw ? 
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obserye these fluids is sufficient to oYercome theii attraction of co- 
henon. uSther is of this description ; it will boil and be converted 
into yapoor, at the common teinperature of the air, if the pressure 
of the atmosphere be taken off. 

Emibf, I thought that ether would evaporate without either the 
pressure of the atmosphere being taken away, or heat applied ; and 
that it was for that reason so necessary to keep it carefully corked 

up. 

Mrs. B. It is true it will evaporate, but without ebullition ; what 
I am now speaking of is the vaporization of ether, or its conversion 
into vapour by boiUn^. 1 am going to show you how suddenly the 
ether in this phial will be converted into vapour, by means of the 
air pump. Observe with what rapidity the bubbles ascend, as I 
take ojS* the pressure of the atmosphere. 

Caroline. It positively boils ; how singular, to see a lic^uid boil 
without heat ! 



Fig. 7. 
Pneumatic Furmp, 



Mrs.B. Now I shall 
place the phial of 
ether in this glass, 
which it nearly jfills, 
80 as to leave only a 
small space, which I^ 
fill with water : and 
in this state I put it 
again under the re- 

•ceiver.* You will 

oteerve, as I exhaust 
the air from it, that 
whilst the ether boils, 
the water freezes ! 

Caroline. It is in- 
deed wonderful to see 
water freeze in con- 
tact with a boiling flu- 
id ! 

Emily. I am at a 
loss to conceive how 

the ether can pass to ^ ^^^^^ evaporated and water frozen in tba 

the state Ot vapour, ^i^ Jump. a. Phial of ether. B. Glass vessel con- 
without an addition of taining water. C. C. Thermometers, one in the 
caloric. Does it not ^thV, the other in the water, 
contain moce caloric in a state of vapor, than in a state of liquidity ? 

* TwQ pieces of thinglass tubes, sealed at one end, might answer 
this purpose better. Tiie experiment, however, as here desc^bec), 
is difficult, and requires a very nice apparatus. But if, instead of 
phials or tubes, two watch glasses be used, water may be frozen al- 
most instantly in the same manner. The two glasses were placed 
over one another, with a few drops of water mterposed between 
them, and the uppermost glass is filled with ether. Alter working the 

968. How can ether be made to boil without the application otf ca- 
lorie? 

969. How is the experiment made ^ 
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Mrs, B, It certainlY does ; ibr though it » ^e pTessare of die dX» 
mosphere which condenses it into a Equid, it is by foix^ing out tho 
caloric that belongs to it when in an aerifonn etate^ 

Emily, You have therefore, two difficulties to explain, Mrs. B. 
First, whence the ether obtains the caloric necessary to convert it 
into vs^our, when it is relieved from the pressure of the atmosphere ; 
and, secondly, what is the reason that the water in which the bo1>> 
tie of ether stands, is frozen ? 

Caroline, Now, I think I can answer both these questions. The 
ether obtains the addition of caloric required, from the. water in the 
glass ; and the loss of the caloric which the latter sustains, is the oo- 
casion of its Ireezing. 

Mrs, B, You are perfectly riffht ; and if you look at the ther- 
mometer which I have placed in the water, whilst I am working the 
pump, you will see that every time bubbles of vapour are produ- 
ced, the mercury descends ; which proves that the heat of the wa- 
ter diminishes in proportion as the ether boils. 

Emily, This I understand nowver^ welt; but if the water freezes 
in consequence of yielding its calonc to the ether, the equilibhuna 
of heat must in this case be totally destroyed. Yet you have tdd 
us, that the exchange of caloric between two bodies of equal tem- 
perature, was always equal ; how, then, is it that the vrater, which 
was ori^ally of the same temperature as the ether, gives out ca- 
loric to It, till the water is frozen and the ether made to boil ? 

Mrs, B, I suspected that you would make these objections ; and 
in order to reiAove them, I enclosed two thermcnneters in the air- 
pump ; one of which stands in the glass of water, the other in tho 
phial of ether ; and you may see that the equilibrium of temper- 
ature is not destroyed ; for as the thermometer descends in the wa- 
ter, that in the ether sinks in the same manner ; so that both ther- 
mometers indicate the same temperature, though one of them is in 
a boiling, the other in a freezing liquid. 

Emily. The ether, then, becomes colder as it boils ! This is so 
contrary to common experience, that I confess it astonishes me ex- 
ceedingly. 

Caroline, It is, indeed, a most extraordinary circumstance. But 
pray how do you account for it ? 

Mrs, B. I cannot satisfy your curiosity at present ; for before we 
can attempt to ej^plain this apparent paradox, it is necessary to 
become acquainted vjrith the subject of latent heat, and that, I 
think, we must defer till our next interview. 

Caroline, I believe, Mrs. B. that you are glad to put off the ex- 
planation ; for it must be a very difficult point to account for. 

Mrs. B, I hope, however, that I shall do it to your complete sat- ^ 
isfaction. 

Emi^ But before we part, give me leave to ask you one ques- 

pump for a minute or two, the glasses are found to adhere strongly 
together, and a'thin layer of ice is seen between them. 

270. In what state does ether exist when the pressure of the atmos- 
pbete is taken off? r -■ ' ~ 

271. Why does the evaporation of ether freeze water ? 

272. What experiment is made with Water and ether, and two tlier 
mometers ^ 
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tion. Would not water, as well as ethei boil with less heat, if de- 
priyed of the pressure of the-atmosphere . 

Mrs. B, Undoubtedly, v^you must always recollect that there 
are two forces to oyercome, m order to make a liquid boil or evap- 
orate ; thQ attraction of a|;"gregation, and the weight of the atmos- 
phere J On the summit of a high mountain (as M. De Saussure as- 
certained on Mount Blanc,) much less heat is required to make 
water boil, than in the plain where the weight of the atmosphere is 
greater.* Indeed, if the weight of the atmosphere be entirely re- 
moved by means of a good air pump, andCif water be placed in the 
, exhausted receiver, it will evaporate so fast, however cold it may 
«be, as to give it the appearance of boiling from the surface. But 
without the assistance of the air pump, I can show you a very pret- 
ty experiment, which proves the effect of the pressure of the at- 
mosphere in this respect. 

Observe that this Florence flask is about half full of water, and 
the upper half of invisible vapour, the water beinff in the act of boil- 
ing. I take it from the lamp, and cork it carefully — the water, you 
see, imn^ediately ceases boiling. I sfalill now dip the flask into a 
basin of cold water, f 

Caroline, But look, Mrs. B., the water begins to boil again, al- 
though the cold water must rob it more and more of its caloric ! 
What can be the reason of that ? 

Mrs. B. Let us examine its temperature. You see the ther- 
mometer immersed in it remains stationary at 180 degrees which is 
about 30 degrees below the boiling point. When I took the flask 
from the lamp, I observed to you 3iat the upper part of it was filled 
with vapour ; this being compelled to yield its caloric, to the cold 
water, was again condensed into wat^. What then filled the up- 
per part of the flask ? 

iSnily. Nothing ; for it was too well corked for the air to gain 
admittance, and therefore, the upper part of the flask must be a 
vacuum. 

Mrs, B. The water below, therefore, no longer sustains the 
pressure of the atmosphere, and will consequently boil at a much 
lower temperature. Thus you see, though it had lost many degrees 
of heat, it began boiling. again the instant the vacuum was formed 
above it. The boiling has now ceased, the temperature of the water 

* On the top of Mount Blanc, water boiled when heated only to 
188 degrees, mstead of 212. 

f The same effect may be produced by v^nrapping a cold wet lin- 
en cloth round the upper part of the flask. In order to show you 
how much the water cools whilst it is boiling, a thermometer grad- 
uated on the tube itself, may be introduced into the bottle through 
the cork. — C. 

273. What two forces are to be overcome in order to make a liquid 
boil or evaporate ? 

274. Why does it require the application of less caloric to boil water 
on a high mountain than on low land ? 

275. What is the appearance of water when placed in an exhausted 
receiver ? 

276. What experiment is mentioned to show how the boiling of li- 
quids is effected by atmospherical pressure ? 
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beinff still faitlier reduced ; if it had been ether instead of water, it 
would have continued boiling much longer, for ether boils under 
the usual atmospheric pressure, at a temperature as low as 100 de- 
grees ; and in a vacuum it boiLs at almost any temperature ; but 
water being a more dense fluid, requires a more considerable quan- 
tity of caloric to make it evaporate quickly, even when the pres- 
sure of the atmosphere is removed. 

Emily. What proportion of vapour can the atmosphere contain in 
a state of solution. 

Mrs, B, I do not know whether it has been exactly ascertained 
by experiment ; but at any rate this proportion must vary, accord^ 
ing to the temperature of the atmosphere ; for the lower the tem- 
perature, the smaller must be the proportion of vapor that the at- ' 
mesphere can contain. 

\ To conclude the subject of free caloric,! should mention Ignition, 
by which is meant that emission of light which is produced in bod 
ies at a very high temperature, and which is the effect of accumu- 
lated caloric. 

Emily, You mean, I suppose, that light which is produced by a 
burning body. 

Mrs. B. No ; ignition is quite independent of combustion.-^ 
Clay, chalk, and indeed all incombustible substances may be made 
red hot. When a body bums, the light emitted is the effect of a 
chemical change which takes place, whilst ignition is the effect of 
caloric alone, and no other change than that of temperature is pro-- 
duced in the ignited body. 

All solid bodies, and most liquids, are susceptible of ignition, or 
in other words, of bein^ heated so as to become luminous ; and it is 
remarkable that this takes place pretty nearly at the same temper- 
ature in all bodies, that is, at about 800 degrees of Fahrenheit's sca\e, ) 

Emily. But how can liquids attain so high a temperature, with- 
out being converted into vapour ? 

Mrs, B. By means of confinement and pressure. Water confi- 
ned in a strong iron vessel (called Papin's digester,) can have its 
temperature raised to upwards of 400 degrees. Sir James Hall has 
made some very curious experiments on the effect of heat assisted 
by pressure ; by means of strong ffun barrels he succeeded in melt- 
ing a variety of substances wMch were consid'ered as infusible ; 
and it is not unlikely that, by similar methods, water itself might be 
heated to redness. 

Emily. I am surprised at that ; for I thought that the force of 
steam was such as to destroy almost all mechanical resistance. 

Mrs. B, The expansive' force of steam is prodigious ; but in or- 
der to subject water to such a high temperature, it is prevented by 
confinement from being converted into steam, and the expansion of 

277. What proportion of vapor can the atmtfsphere contain in a 
state of solution ? 

278. What is meant by ignition ? 

279. How does ignition vary from combustion ? 

280. Are liquids susceptible of ij^ition ? 

281. At what temperature does ignition take place ? ' < 

282. How can they attain so high a temperature without being con- 
verted into vapour .? 

283. What experiments were made by Sir James Hall ^ 
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lieated water is oomparatiyely trifling. But we have dwelt so lon^ 
on the subject of free caloric, that we most reserre the other mod^ 
fioations of that agent to our next meeting, when we shall endeayor 
to proceed more rapidly. 



CONVERSATION tV. 

inX COMBINED CAXORIC, COMFREHEm>Il«G SPECIFIC AM> LATENT 

HEAT. 

Mrs, B, We are now to examine the other modifications of ca- 
loric. 

Caroline, I am very Curious to know of what nature they can 
be ; for I haye no notion of any kind of heat that is not perceptible 
to the senses. 

Mrs. B, In order to enable you to understand them, it will be 
necessary to enter into some previous explanations. 

It has bee^ discoyered by modem chemists, that bodies of a dif- 
ferent nature, heated to the same temperature, do not contain the 
same quantity of caloric.) 

Caroline. Ho^ could that be ascertained ? Haye you not told us 
that it is impossible to discover the absolute quantity of caloric 
which bodies contain ? 

Mrs. B. True ; but at the same time I said that we were enaUed 
to form a judgment of the proportion which bodies have to eac^ -oth- 
er in this respect. True, it is found that, in order to raise the tem- 
perature of diiferent bodies the same number of degrees, different 
quantities of caloric are required for each of theiA. & for instance, 
you place a pound of lead, a pound of chalk, smd a pound of milk, 
m a-hot oven, they will be gradually heated to the temperature of 
the oven ; but the lead will attain it first, the chalk next, and the 
milk last) 

Carohne. That is a natural -consequence of their different bulks ; 
the lead being the smallest body, will be heated soonest, and the 
milk, which is the largest, will require the longest time. 

Mrs. B. lliat explanation will not do ; for if the lead be the 
least in bulk, it offers aiso the least surface to the caloric, the quan- 
tity of heat Uierefore, which can enter into it in the same space of 
time is proportionally smaller. 

Emily. Why, then, do not the three bodies attain the tempera- 
ture of the oven at the same time ? 

Mrs. B. It is supposed to be on account of the different capaei- 
ties o€ these bodies for caloric. 

CaroUne. What do you mean by the capacity of a body for ca- 
loric? 

284. Do bodies of a different nature heated to the same tempera- 
ture contain equal quantities of caloric ? 

285. What facts illufltratiye of this case are mentioned of lead, 
<ebalk and milk ? 

7 
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A&^. B, I mean a certain disposition of i>odie8 to require mote o> 
less caloric for raising their temt>erature to any degree of heat.-^ 
Perhaps the fact may be thos explained : 

Let us put as many marUes into this glass as it will contain, and 
pour sand over tbemr-observe how the sand penetrates and lodg- 
es between them. We shall now fill another glass with pebbles 
of yarious forms — ^yon see that they arrange themselyes in a more 
compact manner than the marbles, which being globular, can touch 
each other by a single point (mly. The pebbles, therefore, will not 
admit so much sand between them ; and consequently one of these 
glasses will necessarily contain more sand than the other, though 
both of them h€ equalfy full. 

Caroline, This I understand: peffectly. The marbles and the 
pebbles represent two bodies of different kinds, and the sand, the 
caloric contained in them ; and it appears very p^ain firom this comr 
parison, that one body may admit of more caloric between its pap- 
tides than another. 

Mrs, jB. You can no longer be surprised, therefore, that bodies of 
a different capacity for ^cak>ric should require different proportions 
of that fluid to raise their temperatures equally. 

Emily, But I do not conceive why the body that contains the 
most caloric should not be of the h^hest temperature : that is to 
say, feel hot in proportion to the quantity of caloric it contains. 

Mrs, B. The caloric that is employed in fillkfg the capacity of a 
body is not free caloric ; but is imprisoned as it were, in the bod^, 
and is therefore impercejptible ; for we can feel only the calori^ 
which the body parts with, and not that which it retains. 

Caroline, It appears to me very extraordinary, that heat should 
be confined. in a body in such amanner as to be imperceptible. 

Mrs, B. Jf you lay your hand on a hot body, you feel only the 
caloric which leaves it, and enters your hand ; for it is impossible 
that you should be sensible of that which remains in the body. The 
thermometer in the same manner, is affected only by the free calor- 
ic which a bqdy transmits to it, and not at all by that which it does 
not part withl 

Caroline. I begin to understand it ; but I confess that the idea of 
insensiUe heat is so new and strange to me, that it requires some 
time to render it familiar. 

Mrs, B, Call it insensible caloric, and the dificulty will appear 
much less formidable. It is indeed a soH of contradiction to call it 
heat, when it is so situated as to be incapable of producing that sen- 
sation. Yet this modification of caloric is commonly callS spscir- 

10 HEAT. 

Caroline, But it certainly would have been more correct to have 
oalled it specific caloric, 

286. What is to be understood by the capacity of a body for caloric •* 

287. How is this fact explained ? 

288. Why do not bodies that contain most caloric f^l hot in pro- 
portion to tne quantity of caloric they contain ^ 

289. When a body transmits calorio to a Uiermometer, ii the ther^ 
mometer affected by what remains in the body } 

890. What is the imperceptible heat which bodies contain called ? 
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JBnufy, I do' not miderstand how the term specific applies to this 
Iho^cation of caloric. 

Jk&*&. B, It expresses the relative quantity of caloric which dif- 
ferent ^ecies of bodies of the same weight and temperature are ca- 
pable of containjuig. This modification is also froquently called 
neat of capacity^ a term perhaps preferable, as it explains better its 
own meaning. 

You now understand, I suppose, why the mUk and chalk required 
a longer portion of time than the lead, to raise their temperature to 
that of th^ oven ? 

Emily { Yes ; the milk and the chalk having a greater capacity for 
caloric than the lead, a greater proportion of that fluid became in- 
sensible in those bodies; and iti& more slowly, therefore, their 
temperature was raised. ) 

Caroline. But might ^ot this dijQference proceed from, the differ- 
ent condncting powers of .heat in jthese three bodies, .$ince that 
which is the best conductor must necessarily attain the temperature 
of the oyen first-? 

Mrs. B^ Yerjr wejl observed, Caroline. This objection would be 
ipsurmountable if we could not^ by reversing tjie exjM^riment, prove 
that the milk, the chalk, and the lead actually absorbed different 
quantities of caloric, and we know that if the different time they 
took in heating, proceeded merely from their diflferent conducting 
powers, they would each have acquired an equal quantity of caloric 

Caroline. Certainjy. But how canyon reverse the experiment? 

Mrs. B. It may be done by cooling the several bodies to the 
same degree, in an apparatus adapted to receive and measure the 
caloric which they give out. Thus, if you plunge them into three 
equal quantities of water, each at the same temperature, you will 
be able to judge oi the relative quantity of caloric which the three 
bodies contaped, by that, which, in cooling, they conununicated to 
their respective portions of water ; for the same quantity of caloric 
which they each absorbed to raise their temperature, -wall abandon 
them in lowering it ; and, on examining the three vessels of water, 
you wijl find the one in which you immersed the lead to be the 
least heated ; that which held the chalk will be the next ; and that 
which contained the mUk will be heated the most of all. The cel- 
ebrated Lavoisier hajs invented a machine to estimate, upon this 
frinciple, the specific heat of bodies in a i]ftore perfect manner ; but 
cannot explain it to you, till you are acquainted with the next 
modification x)f caloric- 

JEmily. The more dense a body is, I suppose, the less is it^ capa- 
city for caloric ? 

Mrs. B. This is not always the case with bodies of dififerent na- 
ture ; iron, for instance, contains more specific heat than tin, though , 
it is more dense. This seems to show that specific heat does n<^ 
merely depend upon the inteistices between the particles; but 

291. Do all bodies of equal weight contain the same capacity for 
caloric ? ^ 

292. How is the experiment of the heated lead, chalk, and milk e>n 
plained? 

293. How can we ascertain the capacity of a body for caloriof 
^91. On what is the capacity of caloric chiefly depending ^ 
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probably, abo apon some peooHai comtitittion of the bodies, whidi 
we do not comprehend. 

- Emify, But, Mrs. B., it would appear to me more proper to com- 
pare bodies by measure, rather than by weight, in order to estimate 
Aeir specific heat. Why, for instance, should we not compare pints 
of mi&, of chalk, and of lead, rather than pounds of those substan- 
oes ; for equal we^hts may be composed of very different quanti- 
ties. 
JV&a. B, Tou are mistaken my dear; equal weights must contain 

X\ quantities of matter f and when we wish to know what is the 
ve quantity of caloric, which substances of various kinds axe 
capable of containing under the same temperature, we must com- 
pare equal weights, and not equal bulks of those substances. Bod- 
ies of the same weight may undoubtedly be of very different di- 
mensions ; but this does not change their real quantity of matter, 
A, pound of feathers does not contain one atom more than a pound of 
lead, 

Caroline. I have another difficulty to propose. It appears to me 
that if the temperature of the three bodies in the oven did not rise 
equally, they would never reach the same degree, the lead would 
always keep its advantage over the chalk and milk, and would, per- 
haps, be boiling before the others had attained the temperature of 
the oveii. I tlunk you might as well say that in the course of time, 
you and I shall be of the same age, 

Mrs. B. Your comparison is not correct, Caxoline. As soon as 
&e lead reached the temperature of the oven, it would remain sta- 
tionary ; for it would then give out as much heat as it would receive. 
You should recollect that the exchange of radiating heat, between 
two bodies of equal temperature, is equal ; it would be.imj)ossible, 
therefore, for the lead to accumulate heat after having attained the 
temperature of the oven, and that of the chalk. and milk, therefore, 
womd ultimately arrive at the same standard. Now I fear that this 
will not hold good with respect to our ages, and that as long as I 
live, I shall never cease to keep my advantage over you. 

Endh^. I think that I have found a comparison for specific heat, 
which IS very applicable. Suppose that two men of equal weight 
and bulk, but who require different quantities of food to satisfy their 
appetites, sit down to dinner, both equally hungry ; the one would 
consume a much greater quantity of provisions than the other, in . 
order to he equally satisfied. 

Mrs. B, Yes, that is very feir ; for the c^uantity of food necessa- 
ry to satisfy their respective appetites, vanes in tii© same manner 
as the quantity of caloric requisite, to raise equally the tetjaperaturo 
cf different bodies. 

Emily. The thermometer th^, affords no indication of the spe- 
cific heat of bodies. 

Mrs. B. None at all ; no more than satiety is a test of the quan- 
tity of food eate^. The thermometer, as I have repeatedly said, can 

295. Why are not bodies compared by measure rather than weight 
to estimate their specific heat? 

296. If different bodies have different capacities for caloric, why 4o 
theynot rise to different temperatures in the same atmosphere ? 

$&7. Does the thermometer afford any indication of the specific hetl 
of bodies ? 
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be a^cted only by free caloric which alone radse9 the temperatoM 
of bodies. 

But there is another mode of proving the existence of 4Bpecific heat, 
which affords a very satisfactory illustaration of that modification. — 
This, howev^^ I did not enlarge upoQ before, as J thought it might 
appear to you ralther Complicated, If you mix two fluids of diiferent 
temperatures, let us «ay the one at 50 degrees, and the other at 100 
degrees, of what temperature do you «uppos€ the mixture will be ? 

Caroline^ It will be^ no doubt,. the medium between the two, that 
is to say, 75 degrees. 

Mts. B. That will be tiie case if the iwo bodies happen to have 
the same c^acit^ for caloric ; but if not, a different result will be 
obtained. Thus for instance, if you^x -together a pound of mercu- 
TV, heated at 50 degrees, and a pound of water heated at 100 degrees, 
the temperature of the mixture, instead of being 7$ degrees will be 
80 degrees ; so that the water wiH have lost only 12 degrees, whDst 
Ae mercury will have gained 38 degrees, from which you will con- 
clude that the capacity of mercury for heat is less than that of water. 

Odro&ne. I wonder that the mercu^ should have so little speci- 
fic heat. Did we not see it was a much better conductor of heat 
than water? 

Mrs. B, And it is precisely on that account that its speci£c heat 
is less. For since the cottdu(H,ivc power of bodies depends, as we 
have observed before, on their readiness to receive heat and part 
with it, it is natural to expect that those bodies which are the worst 
conductors should absorb the most caloric before they are disposed 
to part with it to other bodies. But let us now proceed to latent heat, 

Caroline. And pray, what kind of heat is that ? 

Mrs. B. It is another modification of combined caloric, .which is 
80 analogous 4o specific heat, that most chemists make no distine- 
tion between them ; but Mr. Pictet, in his Essay on Fire, has so 
t^eariy disciipsinated them, that I am induced to adopt his view of 
the subject. vW'e therefore call latent heat that portion of insensible 
caloiic which is employed in changing the state of bodies ; tha^ is 
Jto say, in converting solids into liquids, or liquids into vapor. — 
( When -a body changes its state from solid to liquid, or from liquid 
te vap«r, its expansion occasions a sudden and ~ considerable in- 
crease of capacity for heat, in consequence of which it immediately 
absorbs a quantity of caloric, which becomes fixed in the body it 
has transformed ; and as it is perfectly concealed from ouif sens^, 
it has obtained the name of latent heat J 

Ckxroline. I think it would be much more correct to call this mod- 
ification latent Caloric instead of latent heat, since it does not ex- 
cite the sensation of heat. 

Mrs. B. This modification of heat was discovered and named by 
Dr. Black, long before the French chemists introduced the term ca- 
loric, and we must not presume to change it, as it is still used by 

298. What other method is mentioned as fTroving the existence of 
specific heat ? 

299. What will be the result as- to temperature^ if mercury heated 
at 50, and water heated at 100 degrees be mixed together ? 

300. Why has mercury so little specific heat ? 

301. What is latent caloric ? 

302. What does the conversion of a solid to a liquid occasion f 

7* 
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much better dieinirtB than ovmehes. Besides, yoa sie not to sap* 
Dose that the nature o£ heat is altered by being varioody modified; 
for if latent heat and specific heat do not excite the same sensations 
as firee caloric, it is owing to their being in a state of cgnfinem^it, 
whidi prerents them from acting upon our organs ;rand conse- 
quently , as soon as they are extricated firom the Imdy inSrhioh they 
are imprisoned, they retom to their state of fiieecalori^/ 

EmMf. But I do not yet deariy see in what respe6t latent heat 
difi^ nom specific heat ; for they are both of them imprisoned and 
concealed in bodies, 

Mrs. B, Specific heat is that whidi is employed in filling the ca- 
pacity of a body for caloric, .in the state in which this body actuaUy 
exists ; while latent heat is that whidi is employed only in afiecting 
a change of state ; that is, in conyerting bodies from a solid to a li- 
quid, or from a liquid to an aeriform state. But I think, that in a 
general point of view, both these modifications might be compre- 
hended under the name of heat of capacity, as in bom cases the ca- 
loric is equally engaged in filling the capacity of bodies. 

I shall now show you an experiment, which I hope will give you 
a clear idea of what is understood by latent heat. 

The snow which you see in this phial has been cooled by certain 
chemical means, (which I cannot well explain to yon at present,) 
to five or six degrees below the freezing point, as you will find in^ 
dicated by the thermometer which is pished in it. We shall expose 
it to the heat of a lamp, and you wiU see the thermometer gradual* 
ly rise, till it reaches the freezing point. 

Emihf. But there it stops, Mrs. B . , and yet the lamp bums just a9 
well as before. Why is not its heat communicated to the thermo- 
meter? 

Carotine. And the snow begins to melt ; therefore it must be ifr 
sing above the freezing point. 

Mrs, B, The heat no longer affects the thermometer, because it 
is wholly employed in converting the ice into water. As the ice 
melts, the caloric becomes latent in the new formed liquid, and 
therefore cannot raise its temperature ; and the thermometer will 
consequently remain stationary, till the whole of the ice be melted. 

Caroline. Because the conversion of the ice into water being 
completed, the caloric no longer becomes latent ; and therefore the 
heat which the water now receives raises its temperature, as you 
find the thermometer indicates. 

EmUy. But I do not think that the thermometer rises so quickly 
in the water as it did in the ice, previous to its beginning to melt 
though the lamp bums equally well. 

303. What is the conaequenoe if latent and specific heat are extri- 
cated from the body in which they are imprisoned ? 

304. What is the difference between specific heat and latent heat ? 

305. By what name is it thought they may both be called ? 

306a. Why does not the thermoineter rise in a warm room when 
its bulb is in a piece of ice ? 

306. In what experiment may be seen the existence of latent heal ? 

307. Why does the thermometer begin to rise as soon as the ice if 
melted ? 
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Mrs, B, ^Hiat is owing to the difforent sjteeifie heat ot ice and 
water. The capacity of water for caloric hemg greater than that 
of ice, more heat is required to raise its temperature, and therefore 
the thermometer rises slower in the water than it did in the ice.\ 

Endhf, True ; you said that a solid hody always increased its ca> 
pacity for heat by becoming fluid, and this is an mstance of it. 

Mrs. B. Yes ; and the latent heat is that which is absorbed in 
consequence of the greater capacity which the water has for heat, 
in comparison to ice. 

I must now tell yqji a curious calculation founded on that consi- 
deration. I have before observed to you that though the thermo- 
meter shows us the comparative warmth of bodies, and enables us 
to determine the same point at different times and places, it gives 
us no idea of the absolute quantity of heat in any body. We cannot 
tell how low it ought to fall by the privation ot all heat, but an at- 
tempt has been made to infer it in the following manner. It has 
been found by experiment, that the capacity of water for heat, 
when compared with that of ice, is as 10 to 9 ; so that, at the same 
temperature, ice contains, one tenth of caloric less than water. By 
experiment, also, it is observed, that in order to melt ice, there must 
be added to it as muph heat as would, if it did not melt it, raise its 
temperature 140 degrees.* This quantity of heat is, therefore, ab- 
sorbed, when the ice, by being converted into water, is made to 
contain one ninth more caloric than it did before. Therefore 140 
degrees is a ninth part of the heat contained in ice at 30 degrees ; 
ana the point of zero, or the absolute privation of heat, must conse- 
quently be 1260 degrees, below 32 degrees, f 

This mode of investigating so curious a question is ingenious, but 
its correctness is not yet established by similar calculations for other 
bodies. The points of absolute cold, indicated by this method in va^ 
nous bodies, are very remote from each other; it is however, possi- 
ble, that this may arise from some imperfection in the experiments. 

Caroline, It is indeed very ingenious — but we must now attend 
to our present experiment. The water biBgins to boil, and the ther- 
mometer is again stationary. 

Mrs, B, Well, Caroline, it is your turn to explain the phenomQ,- 
Qon. 



• That is, water contains 140 degrees of heat more than is indica- 
ted by the thermometer. — C. 

t This calculation was made by Dr. Irvine. * Dr. Crawford af- 
terwards placed the real zero at 1500 degrees below the of Fah- 
renheit. Still later, Mr. Dalton has turned his attention to the 
same subject. The mean of his experiment places the real zero 
6000 de^ees below the freezing point. AU this goes to, show that 
very little has yet been demonstrated on this difficult question.— C. 

308. Why does the tliermometer rise slower in the water than it did 
in the ice ? 

309. Since a thermometer does not indicate the absolute quantity 
of caloric contained in any body, what is its use ? 

310. How much latent heat does water contain ? 

311. How much heat must be added to ice in order to melt it? 

312. What toas proposed by Dr Crawford, and by Dr, DaUon, as to 
fixing the real zero T 
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CaroUne, It is wondei^blly cturioiis ! The caloric in now bnfey in 
changing the water into steam, in which it hides itself, and becomes 
insensible. This is another example of latent heat, prodadng a 
change of fonti. At first it converted a solid body into a liquid, 
and now it turns the liquid into vapor ! 

Mrs, B, Ton see, my dear, how easily you have become acquaint- 
ed with these modifications of insensible heat, which at first ap 
peared so unintelligible. If now, we were to reverse these chan- 
^, and condense the vapor into water, and the water into ice, 
we latent heat would re-appear entirely, in the form of free caloric. 

Emity. Pray do let us see the effect of latent heat returning to 
its free state. 

Mrs. B, For the purpose of showing this, we need simply con- 
duct the vapor through this tube into this vessel of cold water, 
where it will part with its latent heat and return to its liquid form. 

Emify. How rapidly the steam heats the water ! 

Mrs. B. That is because it does not merely impart its free caloric 
to the water, but likewise its latent heat. This method of heating 
liquids has been turned to advantage, in several economical estab^ 
lishments. The steam kitchens, which are getting in such gene- 
ral use, are upon the same principle. The steam is conveyed through 
a pipe in a sunilar manner, into the several vessels which contain 
the provisions to be dressed, where it communicates to them its la- 
tent caloric, and returns to a state of water. Count Rumford 
makes great use of this principle in many of his fire-places : his 
g^rand maxim is to avoid all unnecessary waste of caloric, for which 
purpose he confines the heat in such a manner, that not a particle of 
It shall unnecessarily escape ; and while he economizes the free ca- 
loric, he takes care also to turn the latent heat to advanta^. It is 
thus that he is enabled to produce a degree of heat supenor to that 
which is obtained in common fire-places, though he employs less fuel. 

Emthf. When the advantages of such contrivances are so clear 
and plain, I cannot understand why they are not universally used. 

Mrs. B. Along time is always required before innovations, how- 
ever useful, can be reconciled with the prejudices of the vulgar. 

Emily. What a pity it is that there should be a prejudice against 
new inventions ; how much more rapidly the world would improve 
if such useful discoveries were immediately and universally adopted ! 

Mrs. B, I believe, my dear, that there are as many novelties at- 
tempted to be introduced, the aidoption of which would be prejudi- 
cial to society, as there are of thoise which would be beneficial to it. 
The well-informed, though by no means exempt from error, have an 
unquestionable advantage over the illiterate, in judging what is like- 
ly or not to prove serviceable ; and therefore we find the former 
more ready to adopt such discoveries as promise to be really advan- 
tageous than the latter, who, having no other test of the value of a 
novelty but time and experience, at first oppose its introduction. — 

313. What is that heat called which produces a change of form m 
bodies ? 

314. How may latent heat be converted into free caloric ? 

315. In what experiment may be seen the efiect of latent heat re- 
turning to its free state ? 

316. What is the advantage of Count Rumford's improved fire-pla 
ces^ 
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The weU informed, however, are frequently disappointed in their 
most sangnine expectations, and the prejudices of the Yulgfar, 
thoagh they often retard the progress of knowledge, yet sometimes, 
it must be admitted, prevent the propagation of error. — ^But we are 
deviating from our subject. 

We have converted steam into water, and are now to change wa- 
ter into ice, in order to render the latent heat sensible, as it escapes 
i^m the water on its becomings solid. I^or this purpose we must 
produce a degree of cold that will make water freeze. 

Caroline, That must be very difficult to accomplish in this warm 
room. 

Mrs. B. Not so much as you think. There are certain chemical 
mixtures which produce a rapid change from the solid to the fluid 
state, or the reverse, in the substances combined, in consequence 
of which change, latent heat is either extricated or absorbed. 

'Ermfy. I do not quite understand you. 

Mrs. B. This snow and salt which you see me mix together, are 
meltinfi^ rapidly ; heat, therefore must be absorbed by the mixture 
and cold produced. 

CaroUne. It feels even colder than ice, and yet the snow is melt* 
ing. This is very extraordinary. 

Mrs. B. The cause of the intense' cold of the mixture is to be at- 
tributed to the change of a solid to a fluid state. The union of the 
snow and salt produces a new arrangement of their particles, in 
consequence of which they become liquid ; and the quantity of ca* 
loric required to efiect this change, is seized upon by the mixture 
whenever it can be obtained. This eagerness of the mixture for 
caloric, during its liquefaction, is such that it converts part of its 
own free caloric into latent heat, and it is thus that the temperature 
is lowered* 

.Rw/yT^ Whatever you put in this mixture, therefore, would 



Mrs. B. Yes ; at least any fluid that is susceptible of freezing at 
that temperature. I have prepared this mixture of salt and snow 
for the purpose of freezing the water from which you are desirous 
of seeing the latent heat escape. I have put a thermometer in the 
glass of water that is to be frozen, in order that you may see how it 
cools. 

CaroUne. The thermometer descends, but the heat which the wa^ 
ter is now losing is its Jfree not its latent heat. 

Mrs. ^.-k^ertainly ; it does not part vnth its latent heat till it 
changes its state and is converted into ice. 

Emily. But here is a very extraordinary circumstance! The 
thermometer has fallen below the freezing point, and yet the water 
is not frozen.* 



♦ To make this experiment striking, the glass containing the wa- 
ter and thermometer ought to be kept perfectly still until the mer- 
cury sinks below the freezing point. Then agitate the water, or 

317. How is latent heat rendered sensible ? 

318. How can water be made to freeze in a warm room f 

319. Why is a mixture of snow and salt so inteneely Cold •* 
390. When does water part with its latent heat.^ 
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« 

Mrs. B. That is always the case preYions to the freezing of waib> 
ter when it is in a state of rest.- Now it begins to congeal and yoa 
may obsenre that the thermometer again rises to the freezing point. 

UctroUne. It appears to me yery strange that the thermometer 
should rise the very moment that the water freezes ; for it seems to 
imply that the water was colder before it froze than when in the act 
of freezing. 

Mrs, B: It is so ; and after our long dissertation on this circum- 
stance, I did not think it would appear so surprising to you. Re- 
flect a little^ and I think you will discoyer Uie reason of it. 

Caroline.' It must be, no doubt, the extraction of latent heat, at 
the instant the water freezes, which raises the temperature/ 

Mrs. B. Certainly; and if you now examine the thermometer, 
y;ou will find that its rise was bat temporary, and lasted only du- 
ring the disengagement of the latent heat^-^now that all the water 
is frozen, it falls again, and will continue to fall, till the ice and 
ipixture are all of an equal temperature, 

Emily. And can you show us any experiments, in which liquids, 
by being mixed, become solid and disengage latent heat ? 

Mrs. B' I could show you several, but you are not yet sufficiently 
advanced to understand them well. I shall, however, try one, which 
will afford you a striking instance of the fact. The fluid which you 
see in this phial, consists of a quantity of a certain salt called muriat 
of lime, dissolved in water. Now, if I pour into it a few drops of 
tnis other fluid, called sulphuric add, the whole, or very nearly the 
whole, will be instantaneously converted into a solid mass. 

Emily. How white it turns ! I feel the latent heat escaping ; for 
the bottle is warm, and the fluid is Changed to a solid white sub- 
stance, like chalk ! * 

Caroline. This is, indeed, the most curious experiment we have 
seen yet. But prdy what is that white vapor which ascends from 
the mixture ? 

Mrs. B. You are not yet enough of a chemist to understand that. 
But take care, Caroline, do not approach too near it, for it has a 
yery pungent smell. 

1 shall show you another instance, similar to that of the water, 
which you observed to become warmer as it froze. I have in this 
phial a solution of a salt called sulphat of soda, or Glauber's salt, 
made very strong, and corked up when it was hot, and kept without 

drop into it a small piece of ice, and it instantly shoots into crystals, 
and the thermometer rises. — C. 

♦ The sulphuric acid, bjr its stronger affinity for the lime, takes it 
from the nrnriatic acid^ unites with it, and forms sulphate of lime. 
The solidity is owing to the insolubility of this last substance in war 
ter. The experiment succeeds well, if the water is saturated with 
the muriate.---C. 

321. Why does water become colder before freezing than it is in the 
act of freezing ? 

322. What example can you give of liquids becoming solid, by being 
mixed, and disen^raging latent heat? 

323. How is this efect accounted for, in the note? 

324. What other instance of the extrication of latet^t heat is giveiiy 
and how is it piodace^ ' 
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il^tation, till it became cold, as yoa may feel the phial is. Now 
wnen I take out the cork, aod let the air fall upon it, (for bein^ 
closed when boiling, there was a vacaam in the upper part,) ol^ 
serve that the salt will suddenly crystallize. 

Cktroline, Surprising ! how beautifully the needles of salt have 
dhot through the whole phial ! 

Mrs, B, Yes, it is very remarkable ; but pray do not forget the 
dbject of the eiperimeiit. Feel how warm the phial has become 
by the conversion of part 6i the liquid into a solid. 

Eamly, Quite warm, I declare; this is a most curious experiment 
of the disengagement of latent heat. 

Mrs, B, The slaking of lime is another remarkable instance of 
the extrication of latent heat. Hate you never observed how 
quick-lime smokes. When Watef i£^ ponied upon it, and how much 
heat it produces \ 

Caroline. Yes; but I do riot Understand what change of state 
takes place in the lime that occasions its giving out latent heat : fo(r 
the quick-lime, when it is solid, is (if I recollect right,) reduced to 
powder by this operation, and is, therefore, father expanded thati 
condensed[. 

Mrs. B. 'It is from the water, not the lime, that the latent heat is 
set free. The water incorporates with, and becomes solid in the 
lime ; in consequence of which the heat which kept it in a liquid 
state is disengaged, and escapes in a sensible form. 

Caroline. I always thought that the heat originated in the lime. 
It seems very strange that water, and cold water, too, should con- 
tain so much heat. 

Bmily. After this extrication of caloric, the water must exist in 
^ state of ice in the lime, since it parts with the heat which kept it 
liquid. 

Mrs, B, It ciy^hot properly be called ice, since ice implies a 
degree oi cold at least equal to the freezing point. Yet, as water, 
in combining with lime, gives out more heat than in freezing, it 
must be in a state of still greater solidity in the lime than it is in the 
form of ice ;, and you may have observed that it does not moisten or 
hquefy the lime in the smallest degree. 

Ermhi^ But, Mrs. B. the smoke that rises is white ; if it was only 
pure caloric, which escaped, we might feel, but could not see it. 

Mrs. B. This white vapor is formed by some of the particles of 
time in a state of fine dust, which are carried off by the caloric. 

EmUy. In all changes of state, then, a body either absorbs or 
disengages latent heat. 

Mrs. B. You cannot exactly say absorbs latent heat, as the heat 
becomes latent ^only on being con|ned in the body: but you may 
say, generally, (that bodies in passing from a sdlid to a liquid form, 
or from the liquid state to that of vapor, absorb heat ; and that 
when the reverse takes place heat is disengaged.* 

* This mle^ if not universal, admits of very few exceptions. 

325. What other instanod is mentioned of the extrication of latent 
heat? 

326. Whenee proc^ds ikto heat in the slaking of lime ? 

327. Why it the smoke that rises in the slaking of lime, white ? 

328. When do bodies abK>rb heat? 
When is heat disengaged? 
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Endly, We can now, I think, account for the ether hoilingy and 
ihe water fi:eeziDg in yacno, at the same temperature.* 

Mrs. B^ l^t me hear how jrou explain it ? 

Endly. '(The latent heat whsch the water gave out in fieezLog, 
was immediately absorbed by the ether, during its conversion into 
vapor; and therefore from t latent state in one liquid, it passes 
into a latent state in the other J 

Mrs, B, But this only pardy accounts for thl$ result of the ex 
periment ; it remains to be explained why the temperature of the 
ether, while in a state of ebullition, is brought down to the freezing 
temperature of water. It is because the eUier, during its evapora- 
tion, reduces its own temperature, in the same proportion as that 
of the water by converting its free caloric into latent heat ; so that 
though one liquid boils, and another freezes, their temperatures 
remam in a state of equUibriuni. 

Emily, But why does not water ^ aa well as ether, reduce its own 
temperature by evaporating ? 

Mrs, B, The fact is, that it does, though much less rapidly than 
ether. Thus, for instance, you mayT)ften have observed, in the heat 
pf summer, how much any particular spot may be cooled by water- 
ing, thQCkgh the water used for that purpose be as warm as the air 
itself. j^Indeed so much cold may be produced by the mere evapora- 
tion ofwater, that the inhabitants of India, by availing themselves 
of the most favorable circumstances for this process which their 
warm climate can afford, namely the cool of the night, and situations 
most exposed to the night breeze, succeed in causing water to freeze 
Hhough the temperature of the air be as high as 60 degrees. The 
water is put into shallow earthen tra3rs, so as to expose an extensive 
«urface to the process of evaporation, and in the morning, the water 
is foimd covered vjrith a thin cake of ice, which^is collected in suffi- 
cient quantity to be used for purposes of luxurvi 

Caroline, How delicious it must be to drink liquids so cold in 
'these tropical climates ! But, Mrs. B., could we not try that ex*- 
periment ? 

Mrs, B, If we were in the country, I have no doubt but that we 
«hould be able to freeze water, by the same means, and under simi- 
lar circumstances. But we can da it immediately, upon a small 
idcale, in this very room, in which t^e thermometer stands at 70 de- 
grees. For this purpose we need only place some water in a little 
^up under the receiver of the air pump. Fig. 8, and exhaust the air 
from it. What will be the consequence, Caroline ? 

Caroline, Of course the water will evaporate more quickly, since 
the^e ^^dU no lon^r be an atmospheric pressure on its sur&ce ; bat 
will ths be sufficient to make the water freeze ? 

Mrs, 6, Probably not, because the vapor will not be carried off 

* See page 66. , - - 

329. Why does water freeze and ether boil in vacuo ? 

330. Why does the ground become cooled by watering in summer-, 
though the water used be as %arm as the air itself? 

331. How is ice often prOcluced in India, where the temperatnre is 
not below 60 degrees ? 

332. How is water made to freeze under a ^lass leceiverj as iUo** 
tratedinfigureS? 
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fest enough ; but this will be accomplished without difficulty, if we 
introduce into the receiver, Fig. 8, in a saucer, or other Isjge shal- 
low yessel, some strong sulphuric acid, a substance which has a 
great attraction for water, whether in the form of vapor, or in the 
liquid state. This attraction is such that the acid will instantly ab- 
sorb the moisture as it rises from the water, so as to make room fox 

Fig. a 



9. The 4lr pump and receiver for Mr. LesIie^s experiment. C. a saucer with inl- 
phnric acid. B. a glass or earthen cap containing water. D. a stand for the cup 
with its legs made of glass A. A. Thermometer. 

the formation of fresh vapor ; this will of course hasten the process, 
and the cold produced from the rapid evaporation of the water, will 
in a few minutes, be sufficient to freeze its surface.* We shaU now 
exhaust the air fh)m the receiver. 

EmUy, Thousands of small bubbles already arise through the 
^water from the internal surface of the cup ; what is the reason of 
this? 

Mrs, B. These are bubbles of air Which Were partly attached to 
the vessel, anc| partly diffused to the water itself ; and they expand 
and rise in consequence of the atmospheric pressure being removed. 

Caroline. See, Mrs. B. ; the thermometer in the cup is linking 
fast ; it has already descended to 40 degreiss ! 

Emily, The water now and then violently agitated oh the surface 
as if it were boiling ;' and yet the thermometer is descending fast ] 

Mrs, B, You ma^r call it boiling if you please, fol* this appear- 
ance is, as well as boiling, owing to the rapid formation of vapos; 
but here, as you have just observed, it takes place from the surface, 
for it is only when heat is applied to the bottom of ^e vessel that 
the vapor is formed there. — -JNow crystals of ice are actually shoot- 
ing all ov^ the surface of the water; 

* This experiment was first devised by Mr. Leslie, and has sinee 
been modified in a variety of forms. 

333. When the air is eihausted from the receiver, why do bubbka 
Tife through the w^ter from the internal surface of the cup ? 
'334. miy does the water appear as if boiling ? 
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Caroline, How beautiful it is ! The suriaee iB now eMifri!^ 
frozen — ^but the thermometer remains at SS degrees. 

Mrs, B. And so it will, conformably with onr doctrine of latent 
beat, until the Whole of the waler be firocen ; but it will then again 
begin to descend lower and lower, in consequence of tfie evaporar 
tion which goes on from the sur^use of the ice. 

EmUy, This is a most interesting experiment ; but it would be 
still more striking if no sulphuric acSl weare required. 

Mrs, B, I will show you a freezing instrument, contriyed by Dr. 
WoUaston, upon the same principle as Mr. Leslie's experiment, by 
which water may be frozen by its own evaporation alohe^ without 
the assistance of sulphoric acid. 

riff.9. 
Dr. Wona^oo'* Cfyopbonw. 

This tube which as you - _^ 

see is terminated at each n \ 

extremity by a bulb,. one r\ r S 

of which is balf full of wa- ^•^ v^ 

ter, is internally, perfectly 

exhausted of air ; the conseauence of this is* that the water m the 
bulb, is always much di^osed to evaporate: This evaporation, how- 
ever, does not proceed sufficiently fast to freeze the water ; biit if 
the emptv ball be cooled by some artificial means, so as to condense 
quickly the vapor which rises from the water, the process may be 
thus so much promoted as to cause the water to freeze in the other 
ball. Dr. Wollaston has called this instrument Oyophorus. 

Caroline, So that cold Fig. 10. 

seems to perform here 
the same part which the 
sulphuric acid acted in 
IVIr. Leslie's experiment. 

Mrs. B. Exactly so ; 
but let^s try the experi- 
ment. • 

Emily. How will you 
cool the instrument ?/ 
You have neither ice nor * 
•now. 

Mrs. B, True; but 
we have other means of 
efl^cting this.* You re- 
coUect what an intense 
cold can be produced 

by the evaporatioh 6( No. 3. (Fig^ lo.) Di. M«reet»8 mo^ of uairig tiid 
eLr in J exha^ "^"^ N^^'iT ^l2*~' ^ 
receiver. We shall in- 



1^ 



•This mode of making the experiment was prtmosed, and the 
Mrticulars detailed, by Dr. Marcet, in the 34th vol. of Nicholson's 
Journal, p. 119. 



335. How long will this experiment in the tfetmometer ; 
• d^ Megrees, or at the freezing point } 

'3367 Why will it be^^n anil comtinue to descend ^ soon as all tks 
waler is frozen ? 337. What is the object of figures 1, S, oitd 3? 
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fiMt ^e Mbin tk«s Q^ bag of ^ iflooael; (Fig. I,) then soa]|P 
^ in ether, and introdace it intio the receiver ^ihe air pump, (I^« 
^.) For this purpoee we shall find it more coavenient to use a cr^o* 
phoros of this ^ape, (Fig. 2,) as its elongated bulb passes easily 
through a brass plate which closes the top of the receiver. If we 
aow exhai:»t the receiver quickly, you will see in less than a minute, 
the water freeze in the other bulb out of the receiver. 

Emily. ^ The bulb already looks quite dim, and small drops of 
water are condensing on its surface. 

'Gzr«&ne. And now crystals of ice shoot all over the wat^« 
This is indeed a very curious experiment ! 

Mrs. B. You will isee, some other day, that, by a dmilar method, 
even quicksilver may be frozen. But we cannot at present indulge 
in any further digression. 

Having advanced so far on the subject of heat, I may now give 
you an accpunt oi the calorimeter, an instrument invented by 
Lavoisier, upon the principles just explained, for the purpose of 
estimating the specific heat of bodies. It consists of a vessel^ the 
inner surface of which is lined with ice, so as to form a sort of 
hollow globe of ice, in the midst of which the body, whose specific^ 
heat is to be ascertained, is placed. The ice absorbs caloric from 
this body, till it has brought it down to the freezing point ; this 
caloric converts into water a certain portion of ice which runs out 
through an aperture at the bottom of the machine ; and the quantity 
of ice changed to water, is a test of the quantity of caloric which 
the body has given out in descending from a certain temperature to 
the freezing point. 

Caroline. In this apparatus, I suppose, the milk, chalk, and lead, 
would meit different quantities of ice, in proportion to their differ- 
ent capacities for caloric. 

Mrs. B. Certainly ; and thence we are able to ascertain, with 
precision, their respective capacities for heat. But the calorimeter 
affords us no more idea of the absolute quantity of heat contained 
in a body, than the thermometer ; for though by means of it we 
extricate both the free and combined caloric, yet we extricate them 
only to a certain degree, which is the freezing point ; and we 
know not how much they contain of ^ther below that point. 

Emihf. According to the theory of latent heat, it appears to me 
that thfe weather ehould be^ warm when it freezes, and cola in a thaw ; 
for latent heat is liberated'firom every jsubstance that it freezes, and 
such a large supply of heat must warm the atmosphere ; whilst d^ 
ring a thaw, that very quantity of free heat must be taken from the 
atmosphere and return lb a latent state in the bodies which it thaws^ 

Mrs. B. Your observation is very natural ; but consider that in 
a frost the atmosphere is so much colder than the earth, that all the 
caloric which it takes from the freezing bodies is insufficient to raise 
its temperature above the freezing pomt ; otherwise the frosf must 
eease. But if the quantity of latent heat extricated does not destroy 
the frost, it serves to moderate the suddenness of the change oi 

338. Can quicksilver be frozen ? 

339. What is the calorimeter, and what is its use ? 
.340. Of what does it consist'? - 

341. Does the calorimeter indicate the absolute quantity cS keat 
contained in a body ? "- 

342. What effect is pfoduced on the tempexature of the atmoajpheM 
by the attraction of latent heat fh>m the winter frosts? 
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temperatnie of the atmosphere, at the oommenomieHt both of frost ^ 
and of a thaw. In the first instance, its extrication diminishes the 
seTeritT of the cold ; and in the latter, its absorption moderates the 
warmth occasioned by a thaw ; it even sometimes produces a 
discernible chill, at the breaking up of frost. 

CaroUne, But what are the general causes that produce those 
sudden changes in the weather, especially from hot to cold, which 
we often experience ? 

Mrs, B, This question would lead us into meteorological discus- 
sions, to which I am by no means comjpetent. One circumstance, 
however, we can easily understand. Wl^en the air has passed oyer 
eold countries, it will probably arrive here at the temperature much 
below our own, and then it must absorb heat from every object it 
meets with, which will produce a general ftdl of temperature. 

Caroline. But pray, now that we know so much of the effects of 
heat, will 3^u inform us whether it is really a distinct body, or, as 
I have heard, a peculiar kind of motion produced in bodies? 

Mrs, B, As I have before told you, there is yet much uncertain* 
ty as to the nature of these subtle agents. But I am inclined to 
consider heat not as a mere motion, but as a separate substance. Ijate 
experiments, too, appear to make it a compound body, consisting 
of the two electricities ; and in our next conversation I shall inform 
you of the principal j^ts upon which that opinion is founded. 



CONVERSATION V. 

ON THE CHEMICAL AGENCIES OF ELECTRICITY.* 

Mrs. B. Before we proceed further, it will be necessary to give 
you some account of certain properties of electricity, wluch have 
of late years beep discovered to have an essential connexion vdth 
the phenomena of chemistry. 

VaroUne, It is EiiSCTRiciTY, if I recollect right, which cornea 
next in our list of simple substances ? . 

Mrs, fi, 1 have placed electricity in that list, rather from the ne- 
eessity of classing it somewhere, than from any conviction that it has 
a right to that situation ; for we are as yet so ignorant of its intiinate 
nature, that we are unable to determine, not only whether it is sim- 
ple or compound, but whether it is in fact a material agent ; or as 
Sir H. Davy has hinted, whether it may not be merely a property 
inherent in matter. As,' however, it is necessary to adopt some 
hypothesis for the explanation of the discoveries which this agent 
has enabled us to make, I have chosen the opinion, at present most 
prevalent, which supposes the existence of two kinds of electricity, 
oistinguished by the name of positive and negative electricity. 

*The electricity extracted by the iQetals is commonly callec 
Galvanism, . ^ 

343. What is heat now supposed to be ? 

344. What subject is to be considered in this conversation ? 

345. What are the uncertainties as to the natuie of electricity ? 

346. How many kinds of electricity are theie ? 

347. What are they called? 
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Cc^oUne. WeU, I mast confess, I do not feel nearly so mtevested 
in a science in which so much uncertainty prevails as in thos^ 
which rest upon estahlished principles, I never was fond of elee* 
tricity. Because, however beautiful and curious the phenomena it 
exhibits may be, the theories, by which they were explained, ap- 
peared to me so various, so obscure and inadequate, that I always 
remained dissatisfied, I was in hopes that the new discoveries in 
electricity had thrown so great a hght on the subject, that every 
thing respecting it would now have been clearly exj^ained. 

Mrs. B, That is a point which we are yet far from having at- 
tained. But, in spite of the imperfection oi our theories, you will 
be amply repaid by the importance and novelty of the subject. The 
number of new facts which have already been ascertained, and the 
immense prospect of discovery which has lately been opened to us, 
will, I hope, ultimately lead to a perfect elucidation m this branch 
of natural science; Init at present you must be contented with 
studying the efiects, and in some degree explaining the phenomena^ 
without aspiring to a precise knowledge of the remote cause of 
electricity. 

You have already obtained some notions of electricity ; in our 
present conversation, therefore, I shall confine myself to that part 
of the science which is of late discovery, and is more particularly 
connected with chemistry. 

It was a trifling and accidental circumstance which first save rise 
to this new branch of physical science. Galvani, a protessor of 
natural philosophy at Bologna, being engaged (about 20 jrears'ago) 
in some experiments on muscular irritability, observed thaLwhen a 
pTece of metal was laid on the nerve of a frog recently dea!a, whilst 
• the limb supplied by tliat nerve rested- upon some other metal, the 
limb suddenly moved, on a communication being made between the 
two pieces of metsd. 

Emil^. How is this communication made ? 

Mrs, B, Either by bringing the two metals into contact, or by 
connecting them by means of a metallic conductor. But without 
subjecting a frog to any cruel experiments, I can easily make you 
sensible of this kind of electric action. Here is a piece of zinc, 
(one of the metals I mentioned in the list of elementary bodies) — 
put it under your tongue, and this piece of silver u^on your tongue, 
and let both the metals project a little beyond the tip of the tongue 
— very well ; now make the projecting parts of the metals touch 
each other, and you will instantly perceive a peculiar sensation. 

Emify, Indeed I did ; a singular taste, and I think a degree of 
heat ; but I can hardly describe it. 

Mrs. B, The action of these two pieces of metal on the tongue 
is, I believe, precisely similar to that made on the nerve of a frog. 
I shall not detain you by a detailed account of the theory by which 
Gralvani attempted to "Explain tMs fact, as it was soon overturned 

348. What is the difference between electricity and Galvanism f 
349^ From whom did Gcalvanism derive its name ? 

350. - What gave rise to the branch of physical science called Gal- 
vanism? 

351. What simple experiment is mentioned, that can be made upon 
iSe tongue to illustrate this subject ? 
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by subeeqneiit e xperiments, wfaidi proved that Gahanism ^the name 
this new power had obtained) was nothing more than electricity. 
Gahrani sapposed that the yirtae of this new agent resided in the 
nerves of Uie frog ; bat Yolta, who prosecnted this subject with 
much greater success, showed that the phenomena did not depend 
on the organs of the frog, but upon the electrical agency of the 
metals, ^ich is excited by the moisture of the animal, the organs 
of the frog being only a delicate test of the presence of electric 
influence. 

Caro&ne, I snppoae, then, the saliva of the mouth answers die 
same purpose as tne moisture of a frog, in exciting the electricity 
of the pieces of silver and zinc, with which Emily tried the expen 
ment on her ton^e ? 

Mrs, B, Precisely. It does appear, however, necessary that 
the fluid used for this purpose should be of animal nature. Water, 
and acids very much diluted by veater, are found to be the roost ef- 
fectual in promoting the developement of electricity in metals ; and 
accordingly the original apparatus which Yolta first constructed for 
this purpose consis^d of a pile or succession of plates of zinc and 
copper, each pair of which was connected by pieces of cloth or par 
per impregnated with water; and this instrument, from its original 
mconvenient structure and limited strength, has gradually arrived 
at its present state of power and improvement, such as exhibited in 
the Voltaic battery. In this apparatus, a specimen of which you 
see before you, Fig. 11. 

the plates of zinc Voltaic Battery, 

and copper are ~ 
solderedtogether 
in pairs, each 
pair being placed 
at regular distan- 
ces m wooden 
troughs and the 
interstices being 
filled with fluid. 

Caroline. Though you will not allow us to 'Inquire into the pre- 
cise cause of electricity, may we not ask in what manner the fluid 
acts on the metals so as to produce it? 

Mrs, B. The action of the fluid on the metals, whether water or 
acid be used, is entirely of a chemical nature. But whether elec- 
tricity is excited by this chemical action, or whether it i^ produced 
by the contact of the two metals, is a point upon which philosophers 
do not vet perfectly agree. 

Enuiy, But can the mere contact of two metals, without any in- 
tervening fluid, produce electricity? 

Mrs.B. Yes, if they are afterwards separated. It is an establisb- 

352. How did .Galvani account for the moving of the limb on a 
communication being made between the two metals ? 

353. What was the true caus^ of it ? 

354. What metals are used in the production of Galvanic action ? 

355. Which figure represents a Voltaic battery ? 

356. Can galvanism be produced without water? 
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ed &ct, that when two metals are put in contact, and afterwards 
seiMUAted, that which has the strongest attraction for oxygen eX" 
hibits signs of positive, the other of neffative electricity. 

Caroline. It seems, then, but reasonsUble to infer that the pow» 
of the Voltaic battery should arise from the contact of the plates of 
zinc and copper. 

Mrs, B, It is upon this .principle that Volta and Sir H. Davy 
explain the phenomena of the pile ; but notwithstandmg these two 
great authorities, many philosophers entertain doubts of the truth 
of this theory. The chief difficulty which occurs in explaining the 
phenomena of ihe Voltaic battery on this principle, is that two such 
plates show no si^ns of different states of electricity whilst in con- 
tact, b:2t only on being separated after contact. Now, in the Vol- 
taic battery, those plates that are in contact, always continue so, 
being soldered together; and they cannot, th^efore, receive a suc- 
cession of charges. Besides, if we consider the mere disturbance 
of the balance oif electricity by the contact of the plates, as the sole 
cause of the production of Voltaic electricity, it remains to be 
explained how this disturbed balance becomes an inexhaustible 
source of electrical energy^ capable of pouring forth a constant and 
copious supply of electrical fluid, though without any means of 
replenishing itself from other sources. This subject it must be 
owned, is involved in too much obscurity to enable us to speak very 
decidedly in favor of any theory. But m order to avoid perplexing 
you with different explanations, I shall confine myself to one which 
appears to jfie to be least encumbered with difficulties, and most 
likely to accord with truth.* 

This theory supposes the electricity to be excited by the chemi- 
cal action of the acid on the zinc ; but you are yet such novices in 
chemLftry, that I think it will be necessary to give you some previ- 
ous explanation of the nature of this action. 

All metals have a strong attraction for oxygen ; and this element 
is found in great abundance, both in water and in acids. The 
action of the diluted ax;id on the zinc consists, therefore, in its 
oxygen combining vnih it, and dissolving its surface. * 

Caroline. In the same manner, I suppose, as we saw an acid dis- 
solve copper. 

Mrs. B. Yes ; but in the Voltaic battery, the diluted acid is not 
strong enough to produce so complete an effect ; it acts only on the 

♦ This mode of explaining the phenomena of the Voltaic pile is 
called the chemical theory of electricity, because it ascribes the 
cause of these phenomena to certain chemical changes which take 
' place during their appearance. The mode which is here sketched 
was long since suggested by Dr. Bostock, who has lately, (1818) 
published "An account of the History and present state of Galvan- 
ism;" which contains a ftdler and more complete statement of his 
opinions and thdse of other writers on the subject, than any of his 
former papers. 

357. What established fact in galvanic experiments is mentioned? 

358. What two chemists have e:;[plained the phenomena of the Vol- 
taic battery, as proceeding solely from the contact of the two metals ? 

359. For what have all metafe strong attraction ? 
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m&ee of the xise, (o wUi^ it yields its oxygen, fanomg npoo it% 
film CHT cnust, which is a compound of the ozyffen and Uie metal. 

Ilrmfy, Smce there is so strong a cheHueal attraction between 
Qi^ffen and metals, I suppose they are natur^y in different states 
of ekctricity. 

Mrs, B, Yes ; it appears that all metals are united with th^ 
positive, and Uiat oxygen is the gnui^^urce of the negative elec- 
tricity. 

Ckiroline, Does not, then, the acid act on the plates of copper, 
as well as on those of zinc ? * 

Mrs, B, No ; for though copper has an affinity for oxygen, it is 
less strong than that of zinc ; and therefore the energy of the acid 
is only exerted upon the zinc. 

It will be best, I believe, in order to render the action of tiie 
Voltaic battery more intelligible, to confine our attention at first to 
the eflfect produced on two plates only. (Fig. 12.) 

If a plate of zinc be placed opposite to one of copper, or J^^. 13. 
any other metal less attractive of oxygen, and the space Voltaic 
, between them (^suppose of half an inch in thickness,) be Baueiy. 
filled with. an acid or any fluid capable of oxy^dating the^ 2. 
zinc, the oxydated surface will have its' capacity for elec- 
tricity diminished, so that a quantity of electricity will be 
evolved from that sur^u^B. This electricity will be received 
by the conti^ous fluid, by which it will be tran^aiitted 
to the opposite metallic surface, the copper, Vhich is not 
oxydated, and is therefore disposed to receive it ; so that 
the copper plate will thus become positive, whilst the zinc 
plate will be in the negative state. 

This evolution of electrical fluid, however, will be very 
limited ; for as these two plates admit of but very Uttle 
accumulation of electricity, and are supposed to have no commu- 
nication- vidth other bodies, the action of the acid, and further 
developement of electricity, will be immediately stopped. 

Emuy. This action, I suppose, can no more continue, than that 
of a common electrical machine, which is not allowed to -communi- 
cate with 'Other bodies? 

Mrs. B. Precisely; the common electrical machine when ex- 
cited by the friction of the rubber gives out both the positive and 
negative electricities. (Fig. 13.) The positive, by the rotation of the 
glass cylinder, is conveyed into the conductor, whilst the negative 
ffoes into the rubber. But unless there is a communication -made 
between the rubber and the ground, a very inconsiderable quantity 

• The acid acts upon the copper, but not so strongly as on the 
zinc. Any two metals, one of which has a stronger attraction foi 
oxygen than the other, will form the galvanic series. — C. 

360. What is the grand source of negative electricity ? 

361. Why in the Voltaic battery is the energy of the action exerted 
only upon the zinc ?- 

Z^. How would you explain the principle of the Voltaic battery by 
Fiff. 12 ? 

363. How would you describe the mode of collecting electricity in 
the common electrical machine ? 

364 Why must the rubber be connected with the grotmd ' 




Digitized 



by Google 



XtSCTRO-eHEMISTBT. 



89 



of electricity caa be excited ; for the rabber, like the plates of the 
Da^iy, has too small a capacity to admit of an accmntdation of 
electricity. Unless, therefore, the electricity can pass out of the 
rabber, it will not continue to go into it, and consequently, no sdr 
ditional accumulations will take place. Now, as one kind, of elec- 
tricity cannot be given out without the other, the developement of 
Ae positive electricity is stopped as well as that of the negative, and 
the conductor, therefore, cannot receive a succession of diarges. 

Fig. 13. Electrical Machine, 




Fig.* 13. A the Cylinder. B the Conductor. B the Rubber. C the Chain. 

Caroline, But does not the conductor, as well as the rubber, 
require a communication with the earth, in order to get rid of its 
electricity ? 

Mrs, JB, No ; for it is susceptible of receivins- and containing a 
considerable quantity of electricity, as it is much larger than the 
rubber, and therefore has a greater cauacity ; and this continued 
accumulation of electricity in the conauctor, is what is called a 
charge. 

iSmLy, But when an electrical majchine is furni9hed with two 
conductors to receive the two electricities, I suppose no communis 
cation with the earth is required ? 

Mn, B, Certainly not, until the two are fully charged \ for the 
two conductors will receive equal quantities of electricity. 

Caroline, I thought the use of Uie chain had been to convey the 
electricity frofm the ground into the machine. 

Mrs. n. That was the idea of Dr. FrankHn, who supposed that 
there was but one kind of electricity, and who by the terms posi- 

366. What is ealled a charge, in the use of the common electrical 
machine f 
966. What was Dr. Franklin's opinion concerning electricity ? 
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thre and Begatm (which he int mtrodaeed,) meant oi^y di^rem 
quantities m the same kind of electricity.* Tlie chak -was in that 
case supposed to coorey electridty frcm the ground through the 
rubber mto the conductor. But as we have adc^ted the hypothesis 
of two electricities we must consider the chain as a vehicle to coi^ 
duct the negabTc electricity into the earth. 

Emiiy* And are bo^ kinds produced whenever electricity is 
excited ? 

Mrs, B, Yes, invariably. If you rub a tube of glass with a wool- 
len cloth, the glass becomes positive, and the doth negative.f If 
on the contrary you excite a stick of sealing wax by the same meanS) 
it is the rubber which becomes positive, and the wax negative. 

But with regard to the Voltaic battery, in order that the acid may 
act freely on the zinc, and the two electricities be given out without 
interruption, some method must be devised, by which the plates 
may part with their electricities as fast as they receive them. Can 
you think of any means by which this might be e^cted ? 

Emily. Would not two chains or wires suspended from eithet 
piace to the ground , conduct the electricities mto the earth, and 
, thus answer the purpose ? 

Mrs, B, It would answer the purpose of carrying off the electri- 
city, I admit, but recollect, that though it is necesssry to find a vent 
for the electricity, yet we must not lose it, since it is the power we 
are endeavoring to obtain. Instead, therefore, of conductmg it into 
the ground, let us make the wires from either plate meet ; the two 
electricities will thus be brought tos^ether, and will combine and 
neutralize each other ; and as long as mis communication continues, 
the two plates having a vent for their respective electricities, the 
action of the acid will go on freely and uninterruptedly. 

EmUy, That is very clear, so far as two plates only are concerned; 
but I cannot say I understand how the energy of the succession of 
plates, or rather pairs of plates, of which the Galvanic trough is 
composed, is propagated and accumulated throughout a battery. 

* The idea of Dr. Franklin was, that the positive state consisted 
in the presence, or accumulation of the electric fluid, and that the 
negative was merely its absence or diminution. Hence the terms 
used by hhn to indicate these states were positive and negative. In 
this chapter. Mis. B» has psed these terms of the American Philo- 
sopher improperly, for plus and minus were never meant to signify 
two sorts of electricity, but only its presence or absence. Where 
authors have adopted Dufay 's theory of two electricities^ they have 
used the term vitreous and resinous. — C. 

f Most probably, because the glass takes the electric fluid fr<wn 
ike cloth. Indeed we conceive there is about the same reason for 
believing that the negative state is the absence of the electric fluid, 
as there is for behoving that cold is the absence of heat.— -C. 

367. What is the use of the chain in the common electrical machine ? 

368. Are negative and positive electricities always produced, wheit 
electricity is excited ? 

369. What is necessary in the Voltaic battery, that the two electrici* 
ties be ffiven out without interruption ? 

370. In what mannei; do two pieces of wire produce this effi^et ? 
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Mrs, S, In order to show you kow the intensity of tlie eleetricily 
is increased by increasing tne niiH^r of plates, we will examine 
the action of four plates ; if you understand these, you will readily 
comprehend that of anv number whatever. 

Fig. 14. VoUaicBatt^. 

In this figure you will observe that the 
two central plates are united ; they are 
soldered together, (as we observed in de- 
scribing the Voltaic trough,) so as to form 
but one plate, which ofers two different 
surfaces ; the one of copper, the other of 
ainc. 

Now you recoDect, that, in explaining 
the action of two plates, we supposed 
that a quantity of electricity was evolved 
£x>m the surface of the first zinc plate, in -^ 
consequence of the action of the acid, and 

was conveyed by the interposed fluid to the copper plate No. 2j 
"which thu% became positive. This copper plate communicates its 
electricity to the contiguous zinc plate, No, 3, in which, coi\^- 
quently, some af«umulation of electricity takes place. When^ 
therefore, the fluid in the next cell acts upon the zinc plate, elec- 
tricity is extricated from it in larger quantity, and in a more con- 
centrated form than before. This concentrated electricity is again 
conveyed by the fluid to the next pair of the plates, No. 4 and 5, 
when it is further increased by the action of the fluid in the third 
cell, and so on, to any number of plates, of which the battery may 
consist, so that the electrical energy will continue to accumulate in 
proportion to the number of double plates, the first zinc plate of 
the series being the most negative, and the last copper plate the 
most positive. 

Ccn-oline, But does the battery become more and more strongly 
charged merely by being allowed to stand undisturbed ? 

Mrs. B. No : for the action will soon stop, as was explained be* 
fore, Unless a v^nt be given to the accumulated electricities. This 
is easily done, however, by establisliing a communication by means 
of the wii-es (See Fig. 11,) between the two ends of the battery ; 
these being brought into contact, the two electricities meet and 
neutralize each other, producing th^ shock, and other effects of 
electricity : and the action goes on with renewed energy, being no 
longer obstructed by the accumulation of the two electricities which 
impeded its progress. . 

Emily. It is the union of th6 two electricities which produces the 
electric spark ? 

^ Mrs. B. Yes ; and it is, I believe, this circumstance which gav^ 
rise to Sir H. Davy's opinion, that caloric may be a compound of 
the two electricities. 

Caroline, Yet, surely, caloric is very diffeient from the electrical 
•park? 

Mrs. B. The difference may consist, probibly, only in intensity : 

371. How would yon explain figure 14 ? " . 

372. How would you explain figure 14, which represents the Voltaio 
battery, so as to produce the electric spark ? 

373. What does Sir H. Dav^ suppose caloric to be ? 
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fat the heat of the electric spark is considerably more intense! 
tfaoogh confined to a very minute spot, than any heat we can pro- 
dnce by other means. 

JSnufy. Is it qoite certain that the electricity of the Voltaic battery 
is precisely of the same natore as that of the common electrical 
machine ! • 

Mrs, B, Undoabtedly ; the shock given to the human body, ^e 
Spark, the circumstance of the same substances which are cofi- 
ductors of the one, being also conductOTs of the other, and of those 
bodies, such as glass and sealing wax, which sure non-conductors 
of the one, bein^ also non-^conductors of the other, are striking 
proofe of it. Besides, Sir H. Davy has shown, in his Lectures, iha^ 
a Leyden jar, and a common electric" battery, can be charged with 
electricity obtained from a Voltaic battery, the effect proda<^ beiug 
perfectly similar to that obtained by a common machme. 

Dr. Wollaston has likewise proved, that similar chemical decom- 
positions are effected by the electric madiine and by the Voltiuc 
battery ; and has made other experiments which render it highly 
probable, that the origin of both electricities is essentially the same, 
at they show that the rubber of the common electrical machine, 
like the zinc in the Voltaic battery, produces the two electricities, 
by combining with oxygen. 

CaroUne. But I do not see whence the rubber obtains oxygen, foj 
there is neither acid nor water used in the common machine ; and I 
always understood that the electricity was excited by the friction. 

Mrs. B. It appears that by friction the rubber obtains oxygen, 
from the atmosphere, which is partly composed of that element. 
The oxygen combines with the amalgam of the rubber, which is of 
a metallic nature, much in the same way as the oxygen of the acid 
tx)mbines with the zinc in the Voltaic battery, and it is thus that the 
two electricities are disengaged. 

Otrolifie. But if the dectricities of both machines are sknilar, 
why not use the common machine for chemical decompositions ? - . 

Mrs. B. Though its effects are similar to those of the Voltaic 
battery, they are incomparably weaker. Indeed Dr. Wollaston, in 
using it for chemical decompositions, was obliged to act upon the 
most minute quantities of matter^ and though the result was satise 
factory in proving the similarity of its eflfect to those of the Voltaic 
battery, these effects were too small in extent to be in any con^d- 
erable degree appUcable to chemical decompositions. 

Caroline. How terrible, then, a shock must he from a Voltaic 
battery, since it is so much more powerful than an electrical ma- 
ehiiae; 

Mrs. B. It is not nearly so formidable as you think ; at least it 19 

, 374. How does the degree of heat in the electric spark compare with 
that prolluced by other means ? 

375. What proves that the electricity in the Voltaic battery is of the 
saine imture as that of the common electrical machine ? * 

^ 376. How do the rubber of the common electrical machine and the 
zinc in the Voltaic battery produce the same electricities ? 

377. How does the rubber obtain oxygen, in the use pf the 'common 
electrical machine ? 

378. Why is not the common electrical machine used for chemical 
^ecompoMtions? 
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by no means proportional to the chemical efiect. The great snpe- 
nority of the Voltaic battery consists in the large quantity of eleo- 
tricity that passes : bnt in regard to the rapidity or intensity of the 
charge, it is greatly surpassed by the common electrical machine. 
It would seem that the shock or sensation depends chiefly upon the 
Intensity ; whilst, on the contrary, for chemical purposes, it is 
quantity which is required. In the Voltaic battery, the electricity, 
Uiough copious, is so weak as not to be able to force its way through 
the fluid which separates the plates, whilst that of a common ma- 
chine will pass through any space of water. 

Caroline, Would it not be possible to increase the intensity of the 
Voltaic battery till it should equal that of ^e common machme ? 

Mrs, B. It can actually be increased till it imitates a weak eleo- 
trical machine; so as to produce a visible spark when accumulated 
in a Leyden jar. Bnt it can never be raised sufficiently to pass 
through any considerable extent df air, because of the ready com- 
munication through the fluids employed. 

By increasing the number of plates of a battery, you increase its 
intensity, whilst, by enlarging the dimensions of the plates, you 
augment its mumtity — and as the superiority of the battery over the 
common machine consists entirely in the quantity of electricity pro- 
duced, it was at first supposed that it was the size, rather than the 
number of plates that was essential to the augmentation of power. 
It was, however, found upon trial, that the quantity of electricity 
produced by the Voltaic battery, eVen when of a very moderate size, 
was sufficiently copious, and that the chief advantage in this appa- 
ratus was obtained by increasing the intensity, which, however, 
still falls very far short of that of the common machine. 

I should not omit to mention, that a very splendid, and at the 
same time, most powerful battery, was a few years ago constructed 
onder the direction of Sir H. Davy, which he repeatedly exhibited 
in his course of electro chemical lectures. It consists of two 
thousand double plates of zinc and copper, of six square inches in 
dimensions, arranged in troughs of Wedgwood-ware, each of which 
contains twenty of these plates. The troughs dre furnished with a 
contrivance for lifting the plates put of them in a very convenient 
and expeditious manner.* 

•A model of this mode of construction is exhibited in (Fig. 15.) 
NoTK. In consequence of the discoveries of Prof. JIare, of Phit 
adelphia, the present theory of galvanism must probably undergo 
a radical change. This gentleman has invented a new method of 
extricating the voltdc influence, by so connecting the plates that in 
eSect only, two great surfaces of the metals 'are presented to each 
other. By this arrangement^ the galvanic action on difl[erent sub- 

379. Id what does the superiority of the Voltaic battery consist ? 

380. in what respect does the common electrical- machine surpass 
the Voltaic battery ? 

381. What is the difference in the action of the Voltaic battery, 
whether the number of plates is increased or their size is enlarged ? 

383. How extensive was the large battery constructed by Sir H. 
Davy? 

383. What American chemist has distinguished himself by discocerim 
in galvanism f 
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Caroline, Well, now that we understand the nature of the acUoD 
of the Yokaic battery^, I long to hear an account of the chemical 
discovenes to which it has ^ren rise. 

Mrs. B. You must restram your impati^ice, my dear, for I cannot 
with any t»ropriety introduce the subject of these discoreries till we 
come to them in the regular course of our studies. There is, how- 
ever, a recent discovery respecting the Yoltaic pile, which, though 
not immediately connected with chemistry, is too curious to be passed 
over in silence. It rdatea to the influence of electricity on magnet- 
ism, latdy discovered by a Danii^ philosopher, Mr. Oersted'. 

Caroline. What ! animal magnetism ? I have otten heard of mag- 
netic tractors ; but I thought th^e was no truth in them. 

Mrs. B. Nor is there ; it is only the magnetic needle to which 1 
allude. You already know something of me wonderful property 
of the magnetic needle to direct one of its extremities towards .the 
north ; and you may easily conceive how interesting any new fact 
relating to this truly mysterious agent, must be^ to science. The 
princifSe fiict is this ; If a Yokaic battery be so placed as to have its 
negative pole directed towards the south and its positive one towards 
the north, a communication being at the same time established over 
the battery, between its two poles, by means of metallic wires ; and 
if a magnetic needle be suspended just above the wire> and in a 
parallel direction, the needle will immediately move round upon its 

stances, has presented some new phenomena. This calorific principle 
is immensely increased, while the ^ectric shock is hardly to be per- 
ceived . Prof. Hare has named this new apparatus calorimeter ^ or heat 
mover. The new. views which he has been induced to ofkx^oe&oi 
to be confirmed by 4 Yis, 15. 

the action of the^ 
calorimeter, viz., 
that galvanism is a ^. 

' ^ ' ( V^ ^ ^1 e < ! i ^-^ 



Fig. 15. Voltaic Battery of improved coBstmetioD witli tli« 
plates out of the cells.. 



compound of dec- 
tricity and caloric. 
This theory, it is 
obvious, will set 
aside many of 
the principles laid 
down in the fore- 
chapter, — 
L account of this 
theory, with a de- 
scription of the ca- 
lorimeter, is pub- .. 
lished in Silliix^'a ^; 
Journal, with ob- 
servations by the 
Editor ; also in 
Hare's edition of 
Chemistry.— C. 
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u wJ"^**** ^^^ ^^ recent diseoTefy made by Mr, Oerstead relate > 
b. What is the principle fact connected with this diBCoyeiy ? 
384. What does Mr. Hare suppose GtUvanism to hef 
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pivot, its northern extremity directing itself towards the west, more 
Or less according to the energy of the pile, while on the other hand> 
if the magnetic needle he placed helow the voltaic conductor, it 
will likewise be^in to move rouod^ hut its ndtth pole will, in this 
case point towards the east. 

Eimfy. How curioi» this isl and pray how is this singular ef^t 
explained ? 

Mrs, B, It is one of the most intricate points of natural science, 
and one upon which philosophers can yet offer but very uncertam 
conjectures. Several of the most eminent scientific men, however, 
are earnestly engaged in investigating the subject ; and it is to be ' 
hoped, that some important discovery may yet be made. In the 
mean time, they have already ascertained many curious facts illus- 
trative of the influence which electricity and magnetism exert 
upon each other, one of the most striking of which is, that if a steel 
needle be placed transversely upon the conductor of the Voltaic 
pile in action,'the needle will, in a few seconds, become magnetic, 
«p as to be capable of attracting and repelling iron like magnets, 
"Or if any portion of the conducting wke be turned into a spiral, 
and a needle laid within its coils, but so as not to touch them, it 
will immediately become magnetic, as I shall easily ^how you the 
first time we" set the Voltaic rale in acti(Mi ; for it is now too much 
exhausted to produce the effect in question. We^all therefore 
here terminate this conversation, which has been already sufficiently 
long and difficult. 



CONVERSATION VI. 

ON 0XT6EN AND NITROGEN. 

Mrs. B, To day, we shall examine the chemical properties of 

ATMOSPHKRK. 

Caroline, I thought that we were first to learn the nature of 
OXYGEN, which comes next in our table of simple bodies ? 

Mrs. B, And so you shall ; the atmosphere being composed of 
two principles, oxygen and niirogen, we shall {>roceea to ana- 
lyze It, and consider its component parts separately. 

Emily. I always thought that the atmosphere had been a very 
complicated fluid, composed of all the variety of exhalations from 
the earth. 

Mrs. B. Such substances may bo considered rather as heteroge^ 
neous and accidental, than as forming any* of its component parts ; 
and the proportion they bear to the whole mass is quite inconsid- 
erable. 

Atm osPHERicAii AIR is composcd of two gases, known by the 
names of oxygen gas and nitrogen or azotic gas. 

EmUy. Pray, What is gas ? • . 

* An kinds of air differing from the atmosphere, are called by 
this name. — C. 

c. What other facts have been observed on this subject' 
385. Of what is the atmosphere composed ? 
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Mrs, B. The name of gas is given to any fluid capable of exist- 
ing constantly in an aeriform state, under the pressure and at the 
temperature of the atmosphere. 

Caroline. Is not water, or any other substance when evaporated 
by heat, called gas ? 

Mrs. B. No my dear ; vapor is, indeed, an elastic fluid, and bears 
a strong resemblance to a gas ; there are, however, several points 
in which they essentially dmer, and by which you may always dis- 
tinguish them. Steam, or vapor, owes its elasticity merely to a 
high temperature, which is equal to that of boiling water. And it ♦ 
di&rs from boiling water only by being united with more caloric, 
which as we before explained, is m a latent state. When steam is 
cooled, it instantly returns to the form of water ; but air, or gas, 
has never yet been rendered liquid or solid, by any degree of cold. 

Emily. JBut does not gas, as well as vapw:, owe its elasticity to 
caloric? 

Mrs. B. It is the prevailing opinion ; and the diflference between 
gas and vapor is thought to depend on the different manner, in 
which caloric is united with the basis of these two kinds of elastic 
fluids. In vapor it is considered as in a latent state ; in gas, it is 
supposed to be chemically combined. 

Emihf. When you speak, then, of the simple bodies, oxygen and 
nitrogen, you mean to express those substances which are the bases 
of the two gases ? 

Mrs. B. Yes, in strict propriety ; for they can properly be called 
gases, only when brought to an aeriform state. 

Caroline, In what proportions are they combined in the atmos- 
phere? 

Mrs. B. The oxygen gas constitutes a little more than one fifth, 
and the nitrogen gas a litue less than four fifths.* When separated, 
lliey are found to possess qualities totally difl[erent from each other. 
For oxygen gas is essential both to respiration and combustion, 
while neither of these processes can be performed in nitrogen gas. 

Caroline. But if nitrogen ^ is unfit for respiration, how does it 
happen that the large proportion of it which enters intp the compo- 
sition of the atmosphere is not a great impediment to breathing ? 

Mrs. B. We should breathe more freely than our lungs could 
bear, if we respired oxygen gas alone. The nitrogen is no impedi- 
ment to respiration, aund probably on the contrary, answers some 
useful purpose, though we do not know in what manner it acts in 
that process. 

* in 100 parts of the atmospheric air, there is 21 of oxygen and 
79 of nitrogen. — C. 

386. What is a gas? 

387. What is the difference between vapor and gas ? 

388. To what does vapor o^e its elasticity ? 

389. To what do the gases owe their elastici^ ? 

390. When may oxygen and nitrogen be calted gaoen ? 

391. What is an essential difference between oxygen and nitrogen, 
when separated ? 

392. If nitrogen gas is unfit for respiration, how does it happen, thai 
the large proportion of it, which enters into atmospheric air, does not' 
cause an impediment in breathing ? 
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JEinify, And by what means can the twcr gases, which compose 
the atmospheric air, be separated ? 

Mrs, B. There are many ways of analysing the atmosphere : the 
two gases may be separated first by combustion. 

Irnufy, Yon surprise me ! how is it possible that combustion 
idiould separate them ? ^ 

Mrs. B. I i^ould previously inform you, that till within a few 
years, oxygen was supposed to be the only simple body naturally 
combined with negative electricity. Sir Jt. Davy has smce added 
tshlorine and iodine to that numbety but they are bodies of inferior 
importance. In all the other elements the poeitr^ dectricity pre- 
vails, and they have consequently, all of them, an attraction for 

oxygen.ft 

Caroline, That surprises me extremely; how then are. ^ 
combinations of the other bodies performed, if, accordlngr to yout 
explanation of chemical attraction, bodies are supposed only to 
combine in virtue of their opposite states of electricity ) 

Mrs. B. Compound bodies, in which oxygen prevails over the 
other component parts, are also neg-ative, but their negative energy 
is greater or less m proportion as the oxygen predominates. Those 
compoi^ds into which oxyo^en enters in less proportion than the 
other constituents, aie positive, but their positive energy is dimm> 
ished in proportion to the quantity of oxygen which enters into their 
composition. 

Bodies, therefore, that are not already combined with' oxygen, 
•will attract it, and under certain circumstances, wijl absorb it from 
the atmosphere, in which case the nitrogen gas will remain alone, 
and may thus be obtained in its separate «tate< 

Cai'oUne. I do not understand now a gas can be absorbed 1 

Mrs^ B, It 4s only the oxygen, or basis of the gas, which is 

f If chlorine or oxymuriatic.gas be a simple body, according to 
Sir H. Davy's view of the subject, it must 1m3 considered an excep- 
tion to this statement ; but this subject cannot be discussed till the 
properties and nature of chlorine come under examination. 

t The hypothesis that combustion, as well as chemical affinity are 
electrical phenomena, was first proposed by Berzelius of Stockholm. 
The theory is shortly this. In all cases where the particles of 
bodies have a chemical attraction for each other, they are in opposite 
states of electricity, and the force of thehr union is in proportion to 
the intensity of these electrical states, since it is this which forces 
'them to unite. Thus the particles of an acid and an alkali unite, 
because one is strongly negative and the other strongly positive. 
In case of combustion, these different estates are still more intense, 
oxyffen always being the negative state, and the combustible 
in the positive, and when a union takes place, heat and light is 

393. Can the two gases that compose the atmospheiic air be separate 
ed ? 

3d4. In what proportUn are oxygen mnd nitrogen comhined in atnuO' 
pkericttirf 

396. What causes negative electricity ? 

396." How can combustion separate tnem ? 

897. How is caloric produced in combustion P 

»a, Whai is Ike theory of comlmsHon proposed by Berzdiusf 
9* 
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absorbed ; and the two electricities escaping, that is to oayv the 
negative from the oxygen, the positive from the horning body, 
omte and produce caloric. 

Unify. And what becomes of this caloric ? 

Mrs. B,, We shall make this piece of dry wood attract oxygen 
from the atmosphere, and you will see what becomes of the caloric. 

Cktrolme. You axe joking, Mrs. B. ; you do not mean to decom- 
pose the atmosphere witl^ a piece ojf dry stick I 

Mrs, B, Not the whole body of the atmo^phiereA c^lidnly ; but '^ 
we can make this piece of wood attract any quantity of oxygen 
from it, a proportional quantity of atmospherical air wul be decom- 
posed. 

Carohne. If "^ood haQ so strong an attraction for oxygen, why 
does it not decompose th^ atmosphere, spontaneously ? 

Mrs. B. Tt is found by experience that, an eleyation of temperv 
ture is required for the commencement of the union of the oxyge^ 
and the wood. * 

This elevation of temperature was formlerly thought to be neces- 
sary, in order to diminish the. cohesive attraction of the wood, anfl 
enable the oxygen to! penetrate and combine ycith if more readil;;. 
But sinice the mtroduction of the new theory of chemical combing 
tion, another cause has been assigned, and it is now supposed that 
the high temperature, by exalting the electrical energies o^ bodies, 
and consequently their force of attraction, fricilitates their combina- 
tion. 

EmUy. If it is true that calorip \b composed of the two electricities^ 
an elevation of temperature must necessarily augment the electri|; 
energies of bodies. 

^S's. B. I doubt whether that would be a necessaiy consequence; 
for admitting this composition of caloric, it is only by, being decom- 
posed that electricity can be produced. Sir H. Davy, however, in 
his numerous experiments, has found it to be an almost invariahle 
rule, that the electrical energies of bodies are increased by elevatiofi 
of ieinperature. 

What means, then, shall we en^loy,to raii^ the, temperature qf 
the wood, so as to enable it to attract oxygen from the atmosphere ? 

Caroline. Qolding it near the hre, I ^ould think, would answ^ 
the purpose^ 

Mrs. B. It may,"provided }rouhold it sufficiently close to the dre; 
for a very considerable elevation of temperature is required. 

CaroUfie. It haff actually taken fire ; and yet I did not let it touch 
the coais, hut I held ij^ so. very close that I suppose it caught fii« 
merely from the intensity of the heat. 

Mrs. B. Or you might say, in other w.ords, that the caloric which 

the consequence. This theory is i^ot well proved, nor generally 
adopted. — C 

399. If wood has a strong attraction for oxygen, why does it not de- 
compose the air spontaneously ? 

400. Why is it necessary to beat a combustible substance to make 
it bum? 

401. Are the electrical energies of bodies increased hy elevation of 
temperature ? 

402. Why will a piece of wood when held neai the fire, bum, al^ 
though it. does not touch the coals ? 
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Ihe-^ood imbibed, so muck elevated its temperature, and exalted its 
electric energy, as to enable it to attract oxygen v^ry rapidly fironj 
the atmosphere. 

Emily, Does the wood absorb pxjff6n while it \b burning ? 

Mrs^ B: Yes ; and the heat and light are produced by the union 
of the twoi electricities which are set at JUberty, in consequence of 
the oxygen combining with the wood. 

CaroUne, You astonish me ! the heat of a. burning body proceeds 
then as much from the atmosphere as from the body itself? 

Mrs. B. It was supposed that the caloric giyen out during com- 
bustion, proceeded entirely, or nearly so, from the decomposition 
of the oxygen gas ; but according to Sir H. Davy's new view of 
the subject, both the oxygen gas an4 the combustible bod^ concujr 
in supplying the heat and light, by the union of their opposite elec- 
tricities.. 

Emily, I have not yet met with any thing in chemistry that has 
surprised or delighted me so. much as this explanation of combus- ' 
tion. I was at fost wondering what connexion there could be be- 
tween the affinity of a body for oxygen, and its combustibility ; but 
I think I imderstand it now perfectly. 

Mrs. B. Combustion,, then, you see, is nothing more than the 
rapid combination of a body with oxygen, atten&d by the disea- 
gageinent of light and heat. 

Emily, But are there no combustible bodies whose attraction for 
oxygen is so strong, that they will combine with it, without the 
appUcation of heat ? 

Caroline, That cannot be; otberwjse we should see bodies 
burning spontajieously. 

Mrs, B, But there are some instances of this kind, such as 
phosphorus, potassii|m, and some compound bodies, which 1 shall 
hereafter make you acquainted with. These bodies, however, are 
prepared by art, for in general, all the combustions that could occuy. 
Spontaneously, at the temperature of the atmosphere, have already 
taken place ; therefore new combustions cannot happen without the 
t^perature of the body being raised. Some bodies, however, 
will burn at a. much lower temperature than others. 

Caroline: But the common way of burning a body is not merely 
to approach it to one already on fire, but rather to put the one ip 
actual contact with the other, as when I burn thi? piece of paper by 
holding it in the fiame of the fire. 

Mrs. B. The closer it is in contact with the sourcexOf caloric^ 
the sooner will its temperature be raised to the degree necessary 
for it to burn. If you hold it near the fire, the same eflect will be 
produced ; but more time will be required, as you found to be the 
case with the piece of stick. 

Emily. But why is.it not necessary to continue applying caloric 
throughout the process of combustion, in order to keep up tlie elec- 
tric energy of the wood, which is requked to enable it to combine 
with the oxygen ?• 

— — — — ^ — — ^ ■ r 

403. When a substance burns, whatdoe8.it absorb .' 

404. How are heat and light prodacedi 

405. What is combustion ? 

406. Why do not bodies bum spontaneously ? 

407. What are instances of combustion without a previous inoreaiv 
of temperature .' 
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Mr$, B. Hie caloiic wUdi is gnduaHy inodooed by the two 
electricities during oombustioii kmps op the temperature of the 
bondng body ; so that when once oombostion has began, no Afirdier 
a^hc&on of caloric is required. 

Qxro&ne. Since I have leant this wonderfol theory of oombos* 
tion, I cannot help gazing at the fire ; and I can scamly concelTO 
that the heat and light whidi I always supposed to proceed entirely 
from the coals, are really produced as mium by the atmo^here. 

Emify. When you blow the fire, yOu increase the combustion, 1 
suppose, by supplying the coals witii a greater quantity of oxygen 
gas. . 

Mrs, B. Certainly ; but of course no blowing will poduce com- 
bustion, unless the temperature of Uie coals be first raised. A sin- 
gle spark, however, is sometimes suflldent to produce that efiect ; 
tot J as I said before, when once combustion has commenced, the 
caloric disengaged is sufiicient to elevate the temperature of tjie 
rest of the lx>dy, provided that there be a free access of oxygen. 
It however sometimes happens,, that if a fire be ill made, it will be 
extinguished before all the ftiel is consumed, from the very circum- 
stance of the combustion being so slow that the caloric disengaged 
is insufficient to keep up the temperature of the fuel. You most 
recollect that there are three things required in order to produce 
combustion; a combustible body, oxygen, and a temperature at 
which the one will combine with the other. 

EmUy* You said that combustion was one method of decomposing 
the atmosphere, and obtaining the nitrogen gas in its simple state ; 
but how do you secure this gas, and prevent it from mixing with 
the rest of the atmosphere ? Fig. 16. 

Mrs, B. It is necessary for this purpose to 
bum the body within a close vessel, which is 
easily done. — We shall introduce a small light- 
ed taper under this glass receiver, which stands 
in a basin over water, to prevent all communi- 
cation with the external air.* 

Qtroline, How dim the light bums already ! 
It is now extinguished. 

Mrs, B, Can you tell us why it is extinguish- 
ed? 

Caroline. Let me consider. — ^The receiver 

was full of atmospherical air; the taper, in combumionofataper 

under a receiver. 

• To make a taper, melt some bees wax, and dip into it a strip of 
cotton cloth about an inch wide, and before it is cold, twist it pretty 

408. Why iff it not n&cessary to continue applying caloric throughout 
the process of combustion, in order to keep up the electric energy of 
the wood, which is required to enable it to combine with the oxygen i 

409. Why does blowing the fire increase combustion ? 

. 410. Why will fire be sometimes extinguished before all the wood is 
eonsumed? 

411. What three thing^s are necessary to produce combusticm ? 

412. Why will a burmnf taper placed under a glass receiver, as m 
figure 16, soon become extinguished ? 
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bm&uig within it, mast have combined with the oxygen contained 
in 4hat air, and the caloric that was disengaged produced the light 
of the taper. But when the whole of the oxygen was absorb^, 
the whole of its electricity was disengaged ; consequently no more 
caloric could be produced, the taper ceased to bum,^and the flame 
was extinguished. 

Mrs, p. Your explanation is perfectly correct. 

IknUy, The two constituents of the oxygen gas being thus dis- 
posed of) .what remains under the receiyer must be pure nitrogen 
gas. 

Mrs, B, There are some circumstances which preyent the nitro- 
gen gas thus obtained, from being* perfectly pure; but we may 
eajdly try whether the oxygen has disappeared, by putting another 
lighted taper under it. — ^You see how instantaneously the flame is 
extinguished, for want of oxygen to supply the negatiye electricity 
required for the formation of caloric ; and were you to put an ani- 
msi under the receiyer it would be immediately sufibcated. But 
that is an experiment which I do not think your curiosity will tempt 
you to try. 

Emily. Certainly not. But look, Mrs. B., the receiyer is full of 
a thick white smoke. Is that nitrogen ^ ? 

Mrs. B. No, my dear ; nitrogen gas is perfectly transparent and 
invisible, like conmion air. Th^ cloudiness proceeds from a variety 
of exhalations, which arise from the burning taper, the nature of 
which you cannot yet understand. 

Caroline, The water in the receiver haj3 now risen a little above 
its level in the basin. What is the reason of this ? 

Mrs, B, With a moment's reflection, T dare say you could have 
explained it yourself. The water rises in consequence of the 
oxygen gas within it haying been destroyed, or rather decomposed, 
by the combustion of the taper. 

Caroline, Then why did not the water rise immediately when, 
the oxygen gas was destroyed ? 

Mrs, B. Because the heat of the taper, whilst burning, occ^ 
sioned a dilatation of the air in the vessel, and a production of 
carbonic acid, which at first counteracted this efiect. 

Another means of decomposing the atmosphere is the oxygenation 
of certain metals. This process is very analagous to combustion , 
it is, indeed, only a more general term to exprejss the combination 
of a body with oxygen. 

Caroline, In what respect, then, does it difier from combustion ? 

Mrs, B. The combination of oxygen in combustion is always 

hard. Cotton wick does better than the cloth. A quart tumbler 
makes a good receiver. Two or three inches of the taper can be 
fastened to a piece of wire, bent so that it will stand up. Thus the 
experiment is easily made. — C. 

413. How long will it bum thus placed under a receiver? 

414. What would be the conBequence if an animal weie placed loa- 
der the receiyer ? Why ? 

415. What is another method of decoroposinff the air ? 

416. Ib wl|at respect does oj^ygenation di^r from the deoompontioB 
of air by combiiftioii ? 
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aoeompanied by a diseDgagemetit of light and heat ; whilst this 
dicimistaiice is not a necessary coneqnence of simple ozygens^on 

Caroline, But how can a body abmb oxygen without Ihe conr- 
bination of the two electricities winch produce caloric ? 

Mrs. B. Oxygen does not always present itself in a gaseous forms 
it is a constituent part of a vast number of bodies, M>th solid ani 
liquid, in which it exists in a state of greater density than in the 
atmosphere; and from these bodies it may be obtained without 
much disengagement of caloric. * It may likewise, in some cases, 
be absorbed from the atmosphere without any sensible production 
of light and heat ; for, if the process be slow the caloric & <U6en^aged 
in such small quantities and so gradually, that it is not capable of 
producinfir either light or heat. In this case the absorption of oxy- 
gen is called oxygenation or osydaiion, instead of combustion, as the 
production of sensible light and heat is essential to the latter. 

EmUy, I wonder that metals ftan unite with oxygen ; for, as they 
are so dense, their attraction of aggregation must be very great ;^ 
and I should have thought that oxygen could never have penetrated 
such bodies. 

Mrs. B. Their strong attraction for oxygen counterbalances 
ibis obstacle. Most met&, however, require to be made red hot, 
before they are . capable of attracting oxygen in any considerable 
t|uantity. By this combination they lose most of their metallic 
properties, and fall into a kmd of powder, formerly called calx, but 
now much more properly termed an oxyd; thus we have oxyd of 
. lead, oxyd of iron, &c.* 

Emify, And in the Voltaic battery, it is, I suppose, an oxyd of 
zinc ths^ is formed by th& union of the oxygen with that metal. 

Mrs. B. Yes, it is. 

Carolme. The word oxyd, then, simply means a metal combined 
with oxygen. 

Mrs. B. Yes ; but the term is not confined to metals, though 
diiefly applied to them. Any body whatever, that has combined 
with a certain quantity of oxygen, either by means of oxydation, 
or combustion, is called an oxyd, and is said to be oxy dated or oxy^ 
genated. 

Emily. Metals, when converted into oxyds, become, I suppose, 
negative. 

Mrs. B. Not in general ; because in most oxyds the positive en- 
ergy of the metal more than counterbalances the native energy of 
the oxygen with which it combines. 

This black powder is an oxyd of manganese, a metal which has so 

* Bed Lead and Rust of Iron.—C. 

417. Doeg oxygen always exist in a gaseous state ? 

418. "When is the absorption of oxygen called oxygenation, or oxyd- 
iKtien? 

419. How can oxygen penetrate metals, since their attraction. of ag- 
fre|nition is so great? 

4S0. What is ^e chemical name for red lead and rust of iron? 
431. Whatisanoxyd? 

433. If oxyds are a comlnnation of metals and oxygen, why are they 
aot negative ? 
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Strong an a&iity for oi;ygen, that it attracts that suhstance from 
the atmosphere, at any^^own temperature, it is therefore never 
found in its metallic form, but always in that of an oxyd, in which 
state, you see it has yery little Of the appearance of a metal. It is 
now heavier than it was before oxydation, in consequence of the 
additional weight of the oxygen, with which it has combined. 

Caroline. I am very glad to hear that ; for I confess I could not 
help having some doubts whether oxygen was really a substmce, 
as it is not to be obtained in a simple and palpable state ; but its 
weight is, 1 think, a decisive proof of its bemg a real body. 

Mrs. B. It is easy to estimate its weight by separating it from 
the manganese, and find how much the latter has lost. 

Emily. But if you can take the oxygen from the metal shall we 
not have it in its palpable simple state ? 

Mrs. B. No ; for 1 can only separate the oxygen frana the 
manganese by presenting to it some other body for which it has a 
greater affinity than for me manganese. Caloric affording the two 
electricities is decomposed, and one of them uniting with the oxy- 
gen, restores it to the aeriform state. 

Emily. But you said just now, that manganese would attract 
oxygen from the atmosphere in which it is combined with the neg- 
ative electricity ; how, therefore, can the oxygen have a superior 
affinity for that electricity, since it abandons it to combine with the 
manganese ? 

Df&s. B. I give you credit for this objection, Emily ; and the only 
answer I can make to it is, that the mutual affinities of metals for 
oxygen, and of oxygen for electricity, vary at different tempera- 
tures ; a certain degree of heat will, therefore, dispose a metal to 
combine with oxygen, whilst on the contrary, the former will be 
compelled to part with the latter, when the temperature is further 
increased. I nave put some oxyd of manganese into a retort,* 
which is an earthen vessel with a bent neck, such as you see here. 
(See Fig. 17, No. 1.) The retort containing the manganese you 
cannot see, as I have enclosed it in this fnrnace, wKere it is now 
red-hot. But, in order to make you sensible of the escape of the 
gas, which is itself invisible, I have connected the neck of the 
retort with this bent tube, the extremity of which is immersed in a 
vessel of water. (See Fig. 17, No. 2.) Do you see the bubbles of 
air rise through the water ? 

Caroline. Perfectly. This, then, is pure oxygen gas ? What a 
pity it should be lost. 6ould you not preserve it ? 

* To collect oxygen gas, take an oil flask, and having fitted a 
cork to it, pierce the cork so as to admit a bent glass tube ; (the 
bending is done over a spirit lamp.) Put into the flask some black 
oxyd of manganese, and pour on sulphuric acid -enough to make it 
into a paste. Then put in the cork and tube, and having connected 
the other end of the tube with a receiver in the tube of water, 
apply the heat of an Argand lamp.. — C. 

493. How can it be determined that ozvgen has weight ? 

424. How can oxygen be separated nrom manganese afler having 
been oxydated ? 

425. How may pure oxygen be collected f 

426. How would you describe the experiment represented in figore 
17? 
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No. 1. A, retort on a stcnd.— No. 3. A, Fnmar^. B, Earthen Retort in the fur 
nace. C, Water Bath. D, Receiver. £ E. Tube conveying the gas ft-om tb« 
Retort through the water into the Receiver. F E F, Shelf perforated on which 
the Receiver stands. 

Mrs, B. We shall collect it in tbis receiver. For this purpose, 
you observe, I first fill it with water, in order to exclude the atmos- 
pherical air ; and then place it over the bubbles which issue from 
the retort, so as to make them rise through the water to the tipper 
part of the receiver. 

Emily, The bubbles of oxygen gas rise, I suppose, from theii 
specific levity I 

Mrs, B, Yes ; for though oxygen forms rather a heavy gas, it 
is light compare<i to water. You see how it gradually displaces the 
water from the receiver. It is now full of gas, and! may leave it 
inverted in water on this shelf, where 1 can keep the gas as long 
8S I choose, for future experiments. This apparatus (which is 
indispensable in all experiments in which gases are concerned,) is 
called a water bath.* 

Caroline, It is a very clever contrivance, indeed ; equally simple 
and useful. How convenient the shelf is for the receiver to rest 
upon under water, and the holes in it for the gas to pass into the 
receiver ? I long to make some experiments with this apparatus. 

Mrs, B, I shall try your skill that way, when you have a little 
more experience. I am now going to show you an experiment, 
which proves, in a very striking manner, how essential oxygen is 
to combustion. You will see that iron itself will burn in this gas, 
in the most rapid and brilliant manner. 

* A common, large sized wash tub, with a board 4 or 5 inches 
wide, fixed through the middle, aivd about 6 inches from the top, 
and filled with water, will answer very well for a great variety of 
experiments on the gases. — C. 

437. How does the weight of oxygen sas compmre with thai of water .' 
428. How may the great tendency or oxygen to produce combustion 
be proved ' 
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CkiroHne, Really ! I did not know that it was possible to bum iron. 

Emihf, Iron is a simple body, and you know, Caroline, that all 
i9imi>le bodies are naturally positive, and therefore must have an 
affinity for oxygen. 

Mrs, B. Iron will, however, not bum in atmospherical air without 
a very great elevation of temperature ; but it is eminently com- 
bustible in pure oxygen gas; and what will surprise you still 
more, it can be set on fire without any considerable rise of tem- 
perature. You see. this spiral iron wire.* — ^I fasten it at one end 
to this cork, which is made to fill an opening at the top of the glass 
receiver. 

Emily, I see this opening in the receiver ; Fig. 18. 

but it IS careftilly closed by a ground glass 
*topper. 

Mrs. B. That is fca order to prevent the 
gas from escaping : but I shall take out the 
stopper, and put in tha cork to which the wire 
hangs. Now I mean to bum this wire in the 
joxygen gas, but I must fix a small piece of 
lighted tmder to the extremity of it, in order ~ 
to give the first impulse to combustion ^ for, ] 
however powerful oxygen is in promoting 
combustion, you must recollect that it cannot 
take place without some elevation of tempera- co„,buHtion of iron wire 
ture. I shall now mtroduce the wire mto the in oxygen gas. 
receiver, by quickly changing the stoppers ? 

Caroline. Is there no danger of the gas escaping while you 
tjhange the stoppers ? 

Mrs. B. Oxygen gas is a little heavier than atmospherical air, 
therefore it will not mix with it very rapidly ; and if I do not leave 
the opening uncovered, we shall not lose any 

Caroline. Oh, what a brilliant and beautiful flame ! 

Emily. It is white and dazzling as the sun ! — Now a piece of the 
melted wire drops to the bottom ; I fear it is extinguished : but no, 
it bums again as bright as ever. 

Mrs. B. It will bum till the wire is entirely consumed, provided 
the oxygen is not first expended ; for you know it can burn only 
while there is oxygen to combine with it. 

Caroline. 1 never saw a more beautiful light. My eyes can 
hardly bear it^ How astonishing to think that all this caloric was 
contained in the small quantity of ^as and iron that was endosed 
in the receiver ; and without producing any visible heat ! 

Emihf. How wonderfully quick combustion goes on in pure oxy- 

* The combustion of steel, as a watch spring, is much more vivid 
than that of iron. This itffords a very beautiml experiment, and is 
easily made after the oxygen is collected. A bottle of white glass 
of a quart capacity does well as a receiver. An inch of water at 
the bottom will prevent its breaking. — C. 

429. Why have all simple bodies an affinity for oxygen ? 

430. Will iron bum in oxygen gas without an elevation of tempera- 
ture? 

431. Which is lightest, oxygen gas or atmospherical air ? 
-4^. How long will a piece of iron bum in oxygen gas ? 

10 



Digitized 



by Google 



106 OXTOEN AB(D NmOGEIL 

gen gas ! Bat pray, are these drops ffi Immt iron as heavy aff tiitf 
wire, was before ? 

Mrs. B. They are even heavier ; for the iron in homing, has 
acquired exactly the weight of tiie oxygen which has disapp^ured, 
and is now combined wilh it. It has b«x>me an oxyd of iron. 

Caroline. I do not Imow what yon mean by saying that the 
oxygen has disappeared, ^^Sx^. B., for it was always invisible. 

Mrs.B. True, my dear; the expression was incorrect. But 
though you could not see the oxygen gas, I believe you had no 
doubt of its presenee, as the efl^t it produced on the wire was 
sufficiently evident. 

Caroline. Tes, indeed ; yet yon know it was the caloric, and not 
the oxygen gas itself, that dazzled us so much. 

Mrs. B. Yon are not quite coirect in your turn, in saying the 
calorie dazzled you ; for cidoric is invinbl^; it afieets only the sense 
of feeling ; it was the light which dazzled you. 

Caroline. True ; but light and caloric are such cebstant CMnpan- 
ions, that it is difficult to separate them, erv^en in idea. 

Mrs. B. The easier it is to confound them, the more careful 
you should be in making the distinction. 

Caroline. But why has the water now risen and filled part of the 
receiver ? 

Mrs. B. Indeed, Caroline, I did not suppose you would have 
asked such a question ! I dare say, Emily, you can answer it. 

Emily. Let me reflect . . . The oxygen has combined with the 
wire ; the caloric has escaped ; consequently nothmg can remain 
in the receiver, and the water will rise to fill the vacuumi. 

Caroline. 1 wonder that I did not think of that. I wish that we 
had weighed the wire and the oxygen gas before the combustion ; 
we might therj have found whether the weight of the oxyd was 
equal to that of both. 

Mrs. B. You might try the experiment if you particularly wished 
it ; but I can assure you that if accurately performed, it never iaUs 
to show that the additional weight of the oxyd is precisely equal to 
that of the oxygen absorbed, whether the process has been a real 
combustion or. a sim^e oxygenation. 

Caroline. But this cannot be thi case with all combustions in 
general ; for when any substance is burnt in the common air, so far 
Srom increasing in weight, it is evidently diminished, and sometimes 
entirely consumed. 

Mrs. B. But what do you m^n by the expression consumed? 
Tou cannot suppose that the smail^t particle of an^ substance in 
nature can be actually des^oyed*. A compound body is decomposed 
by combustion ; some of its cdhstituent parts iiy off in a gaseous 
form, while others remain in a concrete state ; the former ^re called 
ike volatile, the latter the fixed products of combustion. But if we 
oollect the whole of them, we shall always find that they exceed the 

433. Why will the component jwirts of a compound body that hdfi 
been decomposed by combustion, weigh moi:^ than the compound body 
£d ? 

434. What is the impropriety in saying Ih&i a |>erson is dazzled by 
•aloric ? 

435. Can a particle of any substance be actually destroyed ^ 

436. What is the fixed product in combustion t 
A7. What is the volalile product in combustion ? 
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melgbt 6f the combustible body, by that of the oxygen which has 
eombined with them dming combustion. 

Emily, In the combustion of a coal fire, then, I suppose that the 
ashes are what would be called the fixed product, and the smoke 
the volatile product? 

Mrs,,B. Yet when the fire bums best, and the quantity of volar 
tile products should be the greatest, there is no smoke ; but how 
canyon account for that ? 

jEmt7y. Indeed I cannot ; therefore I suppose that I was not right 
HI mjr conjecture. 

Mrs, B. Not quite ; ashes, as you supposed, are a fixed product 
of combustion ; but smoke, properly speaking, is not one of the 
volatile products, as it consists o£ some minute undecomposed par- 
ticles of coals which are carried off by the heated air without being 
bmmt, and are either deposited in the form of soot, or dispersed by 
t^ie wind. Smoke, therefore, ultimately becomes one of the fixed 
products off combustion. As you may easily conceive that the 
stronger 4he fire is, the less smoke is produced, because the fewer . 
paiticiQS escape combustion. On this principle depends the inven- 
tion of Argand's Patent Lamps ; a current t)f aat is made to pass 
Iftffough the cjiindricai wick of the lamp, by which means it is so 
fdentuully supplied with oxygen, that scarcely a particle of oil 
^scapes combustion, nor is there any smoke prodacea. 

iSnily. But what then are the volatile products of combustion ? 

Mrs. B. Various new compounds with which you are not yet 
acquainted, and which being converted by caloric either into vapor 
OT gas, are invisible : but they can |?e collected, and we shall exam- 
ine them at some future period. 

Caroline, There are then other gases, besides the oxygen ^md 
nitrogen gases? 

Mrs. B, Yes, several ; any substance that can assume and main- 
tain the form of anjdastic fluid at the temperature of the atmos- 
phere, is called a ga&. We shall examine the several gases in their 
Respective places ; biit we must' noy eonfine our attention to those 
which compose the atmosphere. 

1 shall show you another method of decomposihg the atmopphere, 
which is very simple, in breathing, we retain a portion of the oxy- 
gen, and expire the nitrogen gas : so that if we breathe in a closed 
vessel, for a certsdn length of time, the air within it will be deprived 
of its oxygen gas. Which of you will make the experiment ? 

Caroline, I should be very glad to try it. 
• Mrs, B, Very well ; breathe several times through this glass 
tube, into the receiver with which it is eounected, until you ifeel 
ibat your breath is exhausted. 

Caroline. I am quite out of breath already ! 

Mrs. B. Now let us try the gas with a lighted taperv 

^hnily. It Is very puie nitrogen gas, for the taper is immediately 
extinguished. 

Mr^., B. That is iiot at proof of its beinff pure, but only of the 
absence of oxygen, as it is that principle sJone which can produce 
comb^tion, every other gas being absolutely incapable of it.* 

* This does not agree with the opimon that chlorine and iodine axe 
gjmple bodies; since they are both supporters of combustion. — C 

438. Why is thetre no smoke when the fire burns best ? 
^. #0F can tLe atmosphere be decomposed by breathing ? 
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Umljf, Ib the mediods whidi y<m hsve shown nt, for dBOQiBt^ 
poang die atmosphere, the oxygeo always abandons the nitrogeQ ^ 
but is there no way of taking the nitrogen firom oxyg^i, so as to 
obtain the latter pure firom the atmosphere ? 

Mrs, B. Yoa must obserre, that wheneyer oxygen is taken firon^ 
the atmosphere, it is by decomposing the oxygen gas : we cannot 
do the same with the nitrogen gas, becaose nitrogen gas has a 
stronger affinity for caloric than mi any other known i«inciple ; it 
appears imposuble, therefore, to separate it horn the atmosphere 
by the power of affinities. But if we cannot obtain the oxygen gas 
by this means, in its separate state, we hate no difficulty, (as you 
have seen) to procure it m its gaseous form, by taJdng it firom those 
substances that haye absorbed it from the atmosphere, as we did 
with the oxyd of manganese. 

ErnHy. Can atmospherical air be recomposed, by mixing due 
proportions of oxygen and nitrogen gases ? 

Mrs, B. Yes ; u about one part of oxygen ^^ be mixed with 
about four P^rts of nitrogen gas, atmospherical au: is produced.* 

EmUy, The air, then, must be an oxyd of nitrogen ? 

Mn. B. No, my dear ; for it requires a chemical combination 
between oxygen and nitrogen in prder to produce an oxyd ; whilsl 
in the atmosphere these two substances were separately combined 
with caloric, forming two distinct gases, which are shnply mixed 
in Uie formation of the atmosphere. 

I shall say nothing more or oxygen and nitrogen, at present, a» 
we shall continually haye occasion to refer to them, in our future 
oonyersations. They are both yery abundant in nature ; nitrogen 
is the most plentifiii in the atmosphere, and exists also in all ani- 
mal substances ; oin^gen forms a.constituent part both of the animal 
and yegetable kingdoms, from which it may be obtained by a yariety 
of chemical means. But it is now time to conclude our lesson. I 
am afiraid you haye learnt more to-day than you will be able to 
remember. 

Caroline, I assure you that I haye been too much interested in 
it, oyer to forget it. In regard to nitrogen there seems to be but 
little to remember; it makes but a yery insignificant figure in 
oompaxison to oxygen, although it composes a much larger portion 
of the atmosphere. 

Mrs, B, Perhaps this insignificance you complain of, may arise 
firom the compound nature of nitrogen, for though I haye hitherto 
considered it as a simple body, because it is not known in any natu- 
ral jNTocess to be decomposed, yet from some experiments of Sir H. 
Dayy, there appears to be reason for suspecting that nitrogen is a 

* The proportion of oxygen in the atmosphere yaries fix>m 21 to 
22 per cent. 

440. Why may not oxygen be taken from the atmosphere so as to 
leave the nitrogen pure ? 

441. How can atmospheric air be produced by the union of oxygen 
and nitrogen ? 

442. Why is not the union that takes place between oxygen and 
nitroffen in the production of atmospheric air, an oxyd ? 

443. Where do ozy^n and nitrogen exist ? 

444. Is nitrogen a smiple or a componnd snbstanee ' 
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emi^pKnmd body, as we «hdl see aflerwai^s. But even in its sim- 
ple state it will not appear so inmgnificant when you are better ac- 
quainted with it ; for though it seems to perform but a passive part 
in the atmosphere, and has no very strikug properties, when con- 
sideted in its separate state, yet you will see oy and by what a very 
important agent it becomes when comMned vtrith other bodies. But 
no moi» o£ this at present ; we must reserve it for its proper place* 



CONVERSATION VII, ^ 

ON HTDR06EN. 

V 

CaroRne, The next simple bodies we come to are cHXiOmirfD and 
IODINE. Pray, what kind of substances are these ? Are they also 
invisible ? 

Mrs. B. No ; for chlorine, in a state of ^as, has a distinct green- 
ish color, and is therefore visible ; and iodine, in the same state, 
has a beautiful claret-red color. These bodies, I have already in- 
formed you, are, like oxygen, endowed with the negative electrici- 
ty ; but the explanation of their properties, implies various consid- 
erations, which you would not yet be able to understand ; we shall 
therefore defer their exahiination to some future conversation, and 
we shall go on to the next simple substance, htdrogeit, which 
we cannot, any more than oxygen, obtain in a visible or palpable 
form. We are acquainted with it only in its gaseous state, as we 
are with oxygen and nitrogen, 

Caroline. But in its gaseous state it cannot be ealled a simple ' 
substance, since it is combined with heat and electricity ? 

Mrs. B. True, my dear ; but as we do not know m nature, of 
any substance which is not more or less combined with caloric and 
electricity, we are apt to say that a substance is in its pure state 
when comMned with those agents only. 

Hydrogen was formerly cdled iiiflammable air, as it is extremely 
cembustible, and burns with a great flame. Since the invention of 
the new nomenclature, it has obtained the name of hydrogen, which- 
is derived from two Greek words, the meaning of which is to pro- 
thux water. 

Emily. And how does hydrogen produce water ? 

Mrs. B. By its combustion. Water is composed of 89 parts, by, 
weight of oxygen, combined with' 11 parts of hydrogen ; or of two 
parts, % bulk, of hydrogen gas, to one part of oxyffen gas. 

Caroline. Really ! is it possible that, water should be a combina- 
tion of two gases, and that one of these should be inflammable air ! 
Hydrogen must be a most extraordinary gas that will produce both 
fire and water. 

Emily. But I thought you said that combustion could take place 
in no gas but oxygen ? 

445. Of what color are chlorine and iodine ? 

446. What does the t^rm hydrogen signify ^ 

447. What was it formerly called ? 

448. How does hydrogen produce wafer ? 

449. In what proportions do oxygen and hydrogen combine to pro- 
duce water? 

10* 
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il^. B. Do yoa recollect what the pibcess of oomhiiBtioii coiisi8t# 
in? 

Emiiy. In the combinatioa of a body with oxygen, with die^i* 
gaffement of light and heat. 

Mrs. B. Therefore, when I say that hydroeen is combtt8tH>le, I 
mean that it has an affinity for oxyeen ; but, like all other combufr- 
tible substances, it cannot bum umess sKkpplied with oxygen, and 
also heated to a proper temperature. 

OaroUne, The simply mixing 11 parts of hydrogen, with 89 parts 
of oxygen gas, will not^ ther^ore, produce water. 

Mrs, B, No ; Water being a much denser fluid than ga8€», ip 
order to reduce these gases to a liquid, it is necessary to diminish 
the quantity of caloric or electricity which maintains them in an 
elastic ioTou 

Emify. That I should think might be done by combining the 
oxygen and hydrogen together; for m combining, they would give 
ont their respective electricities in the form of ^oric, and by this 
means would be condensed. 

Cktrotine. But you forffet, Emily, that in order to make the 
oxygen and hydrogen combine, you must begin by elevating their 
temperature, whidi increases, instead of dunipshes their electiio 
energies. 

JMr«. B, Emily is, however, right ; for though it b necessary to- 
rane their temperature, in order to make them combine, as that 
combination affords them the means of parting with their electrici- 
ties, it is eventually the cause of the diminution of electric energy, 

OaroUne, You love to deal in paradoxes to day, Mrs. B. Firo^ 
tliea, produces water. 

Mrs, B. The combustion of hydrogen g9» certainly does ; but 
you do not seem to have remembered the theory of combustion so- 
wdl as you thought you would. Can you tell me what happens i» 
the combustion of hydrogen gas ? 

Caroline, The hydroG^en combines with the oxygen, and their 
nbfoaiie electricities are disengaged in the form of csuoric. Yes, I 
thmk I understand it now — by the loss of this caloric, the gases are 
condensed into a Uquid. 

Emily, Water, Uien, I suppose, when it evaporates and incorpo- 
rates with the atmosphere, is decomposed, and converted into hy- 
drogen and oxygen gases. 

Mrs, B, No, my dear ; 'there you are quite mistaken : the de- 
composition of water is totally different from its evaporation ; for 
in the latter case, (as you should recollect,) water is only iian state 
irf" very minute division ; and is merely suspended in the atmosphere, 
without any chemical combination, and without any separation of its 
constituent parts. As long as these remain combined, they form 
WATER, whether in a state of liquidity, or in that of an elastic fluid, 
as vapor, or under the solid form of ice. 

450. When it is said that hydrogen is combustible, what is in- 
tended ? 

451. Will simply mixing eighty-five parts of oxygen and fifteen of 
hydrogen, produce water ? 

452. What is necessary ? 

453. What happens in the combustion 6f hydrogen sas .* 

454. What is the difference between the decomposition and evapora- 
tion of water? 
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In "oxa experiments on lateM heM,, yon may recollect that we 
earned water snccessively to pass through these three forms, merely 
by an increase or diminution of caloric, without employing any 
power of attraction, or effecting any decomposition. 

CaroUne. But are there no means of decomposing water ? 

Mfs, B. Yes, several ; charcoal, and metals, when heated red 
hot, will attract the oxygen from water, in the same manner as 
they will from the atmosphere. 

Uaroline. Hydrogen, J see, is like nitrogen, a poor dependent 
friend of oxygen, which is continually forsaken for greater favorites. 

Mrs, B. llie connexion, or friendship, as you choose to call it, 
is much more intimate between oxygenand hydrogen, in the state 
of water, than between oxygen and nitrogen, in the atmosphere ; 
for, in the first case, there is a chemical union and condensation of 
the two substances ; in the latter they are simply mixed together 
in their gaseous state. You will find, however, that in some cases, 
nitrogen is quite as intimately connected with oxygen, as hydrogen 
is. But this is foreign to our present subject. 

Ermty, Water, then, is an oxyd, though the atmospherical air is 
not. 

Mrs, B, It is not commonly called an oxyd, though according to 
our definition, it may, no doubt, be referred to that class of bo(ues. 

CaroHTie, I should like extremely to see water decomposed. 

Mrs. B, I can eratify your curiosity by a much more easy pro- 
eess than the oxydation of charcoal or metals ; the decomposition 
of water by these latter means takes up a great deal of time, and is 
attended with much trouble ; for it is necessary that the charcoal or 
metal should be made red hot in a furnace, that the water should 
pass over them in a state of vapor, that the ^ formed should be 
collected over the water bath, &c. In short, it is a very complicat- 
ed operation. But the same effect may be produced with the 
greatest facility, by the action of the Voltaic battery, which this 
win give me an opportunity of exhibiting. 

CaroUne, I am very glad of that, for I longed to see the power 
of thk apparatus in decomposing bodies. 

Mrs, J&* For this purpose, 1 fill this piece of glass tube with 



Frg. la. 




Apparatus i^ the descomposition of water J^y the Voltaic 
Patteij. 



water, and cork it 
up at both ends ; 
through one of 
the corks I intro- 
duce that wire 
of the battery, 
whwh conveys 
the positive elec- 
tricity ; and the 



455. What are the meanfl of deeompoBing water ? 

456. What is the differeoce between the union of oxygen and nitro- 
gen, and the union of oxy^n and hydrogen ? 

457. May water be considered an oxyd ? 

458. What is the inconvenience of decomposing water by the oxy- 
dation of charcoal or metals ? 

459. How may water be decomposed by the use of the Voltaic bat- 
tery? 
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wiie whi^ cmiTeyB the negatiFe deetzicity is made to pass throng 
the other cork, so that the two wires approach each other sum- 
oieiitly near to give out their respectiye electricities. 

Caroline. It does not appear to me that you approach the wires 
so near as you did when you made the haUery to act by itself. 

]S6rs, B. Water being a better conductor of electricity than air, 
the two wires will act on each other at a greater distance in the 
former, than in the latter case. 

EmUy, Now the electrical effect appears ; I see small bubbles of 
air emitted from each wire. 

Mrs, B. Each wire decomposes the water; the positive by 
combining with its oxygen, which is negative; the negative by 
combining with its hydrogen, which is positive. 

Caroline, That is wonderfully curious ! but what are thd small 
bubbles of air ? 

Mrs. B. Those that appear to proceed from the positive wire, 
are the result of the decomposition of the water by that wire. That 
is to say, the positive electricity having combined with some of the 
oxygen of the water, the particles of hydrogen which were combin- 
ed with that portion of oxygen are set at liberty, and appear in the 
form of small bubbles, of gas or air. 

Emily. And I suppose the negative fluid, having in the same 
manner combined with some of the hydrogen of the water, th^ 
particles of oxygen that were combined with it axe set free, and 
emitted in a gaseous form. 

Mrs. B. Precisely so. But I should not forget to observe, that 
the wires used in this experiment are made of platina, a metal which 
is not capable of combining with oxygen ; for otherwise the wire 
would combine with the oxygen, and the hydrogen alone would be 
disengaged. 

Caroline. But could not water be decomposed without the electrb 
circle being completed ? If, for instance, you immersed only the 
positive wire in the water, wouid it not combine with the oxygen, 
and the hydroffen gas be given out ? 

Mrs. B. No ; for as you may recollect, the battery cannot act" 
unless the circle be completed ; since the positive wire will not give 
out its electricity, unless attracted by that of the negative wire. 

Caroline. I understand it now. But look, Mrs. B., the decompo- 
sition of the water which has been going on for some time, does not 
sensibly diminish its quantity — ^what is the reason of that ? 

Mrs. B. Because the quantity decomposed is so extremely small. 
If you compare the density of water with that of the gases into 
which it is resolved, you must be a^^-are that a single drop of water 
is sufficient to produce thousands of such small bubbles as those you 
now perceive. 

Caroline. But in this experiment, we obtain the oxygen and 
hydrogen gases mixed together. Is there any means of procuring 
the two gases separately ? 

Mrs.B. They can be collected separately with great ease by 

460. Which is the best conductor of electricity, water or air .? 

461. What remarkable property has platina P 

462. Why cannot water be decomposed unless the electric circle is 
completed ? 



Digitized 



by Google 




amiieeEK. 118 

mMtymg a little the expenment. Tbns, if instead of one tube, we 

employ two, as yon see here, (c. d. Fig. I9,)^)oth tubes being dosed 

Fig. 19. at one end, and open at the other ; and 

U^,^— ^ ><-*^ z ^ *^' filling these tubes with water, we 

place them standing in a glass of water (c) 

with their open end downwards, you will 

see that the moTient we connect the 

wires (a, b,) which proceed upwards from 

the interior of each tube, the one with one 

end of the battery, and the other with the 

other end, the water in the tubes will be 

decomposed ; hydrogen will be given out 

round the wire in the tube connected with 

_^^,^_ the positive end of the battery, and oxv- 

Apparatua for decomposing gen in the other, and these gases will be 

water by Voltaic Electricity evolved exactly in the proportions which 

and obtaining the gases sepa- j ^ave. before mentioned, namely, two 

measures of hydrogen for one of oxygen. 

We shall now begin the experiment, but it will 'be some time before 

any sensible quantity of the gases can be collected. 

EynUy, The decomposition of water in this way, slow as it is, is 
certainly very wonderful ; but I confess that I should be still more 
gratified, if you could show it on a larger scale, and by a quicker 
process. I am sorry that the decomposition of water by charcoal 
or metals is attended with so much inconvenience. 

Mrs. B. Water may be decomposed by means of metals without 
any difficulty ; but for this purpose the intervention of an acid is 
required. Thus, if We add some sulphuric acid (a substance with 
the nature of which you are not yet acquainted) to the water which 
the metal is to decompose, the acid enables the metal to combine 
with the oxygen of the water so readily and abundantly, that no 
heat is required lo hasten the process. Of this I am going to show 
you an instance. I put into this bottle the water that is to be 
decomposed, the metsd that is to effect that decomposition by com- 
bining with the oxygen, and the acid which is to facilitate the- 
combmation of the metal and the oxygen. You will see with what 
violence these will act on each other.* 



• To obtain hydrogen, fit a cork air tight to an oil flask, and pierce 
it with a burning iron, to admit a tube. The tube may be of glass, 
lead, or tin, bent to a convenient shape, and put into the opening 
made by the hot iron. Pour into the flask about a gill of water, and 
drop into it about an ounce of zinc, ^anulated by melting, and 
pouring it into cold water. Then pour m half an ounce by measure 
of sulphuric acid, and immediately put the cork into its place, and 
plunge the other end of the tube under a receiver, or large tumbler, 
filled with water, and inverted in the water bath. The flask giows 
hot, and the gas begins to rise the instant theacid is poured in ; a 
place therefore must previously be prepared to set it ; and if noth- 
uig better k at hand, a bowl, with a cloth in it, to prevent breaking 
the flask, and set at a convenient height, will do very well. — C. 

463. How can water be decomposed so as to produce the two gases 
•eparate? 

464. How may "water be decomposed by means of iron filings ? 
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Caroline. Bat what metal is it that yon employ for tins pmpoee t 

Mrs, B. It is iron ; and it is used in the state of filings, as these 
present a ^ater sarface to the acid than a solid piece of metal. 
For as it IS the sur^kce of the metal which is acted upon by tho 
acid, and is disposed to receive the oxygen produced by the decom- 
position of the water, it necessarily ioUows that ^e greater is the 
sur&ce, the more considerable is the efi^t. The bubbles which 
are now rising, on the hydrogen gas 

Caroline. How disagreeable it smells ! 

Mrs. B. It is indeed unpleasant, though I believe not particu- 
larly hurtful. We shall not, however, suSer any more to escape, 
as It will be wanted for experiments. I shall therefore collect it in 
a glas? receiver, by making it pass through this bent tube, wMc]^ 
W0 copduct into the water-bath. (Fig. 80, No. 1.) 

Fig. 20. 




1. Apparatus for preparing and collecting liydrogen gas. '' 2. Receiver full oi hydro- 
gen gas iuverted over water. 

Emily. How very rapidly the gas escapes ! it is perfectly transpa- 
rent, and without any color whatever. Now the receiver is full. 
' Mrs. B. We shall therefore remove it and substitute another in 
its place. . But you must observe, that when the receiver is full, 
it is necessary to keep it inverted with the mouth under water, 
otherwise the gas would escape. And in order that it may not be 
in the way, I introduce within the bath, under the water, a saucer, 
it)to which I slide the receiver, so that it can be taken out of the 
bath ai^d (^nyeyed any where; the water in the saucer being 
equally cJ^Atual in preventing its escape as that in the bath. 
(Fig. 20, No. 2.) 

EmUy. I am quite surprised to see what a large quantity of 
hydrogen gas can be produced by so small a quantity of water, 
especially as oxygen is the principal constituent of water. 

Mrs. B. In weight it is ; but not in volume. Pot though the pro- 
portion, by weight, is nearly eight parts of oxygen to one of hydro- 
gen, yet the proportion of the volume of the gases is about one part 

465. Why are iron filings, in this experiment, better than a solid 
piece of metal ? 

.4(>6. IjEow may hydrogen gas be collected as the water is deoom* 
posed? 

467. What are the proportioiis of oxygen a^d hydrogen in water? 
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of oxygen to two of hydrogen ; so much heavier is &e former thai^ 
the latter.* 

Caroline. But why is the vessel ih which the water is decom- 
posed so hot ? As the water changes from a liquid to a gaseous 
form, cold should be produced instead of heat. 

Mrs. B. Ko ; for if one of the constituents of water is converted 
into gas, the other becomes sohd in combining with the metal. 

EmUy. In this case, then, neither heat nor cold should be pror 
duced ? 

Mrs. B. True ; but observe that the sensible heat which is dis- 
engaged in this opeiation, is not owing to the decomposition of the 
water, but to. an extrication, of heat produced by the mixture of water 
and sulphuric acid. I will mix some water and sulphuric acid to- 
gether in this glass, that you may feel the surprising quantity of heat 
which is dissengag^ by their union — ^now take hold of the glass. 

Ckfroline. Indeed I cannot ; it ieels as hot as boiling water. I 
sihould have imagined there woi|ld have been heat enough disen- 
gaged to have rendered the liquid solid. 

Mrs. B. As, however, it does not produce that e^ect, wo cannot 
refer this heat to the modification called latent heat. We may 
howeyer, I think, consider it as heat of capacity, since the liquid 
is condensed by its loss ; and if you were to repeat the experiment, 
in a graduated tube, you would, find the two liquids, when mixed, 
occupy considerable less space than they did separately. But we 
will reserve this to another opportunity, and attend at present to 
the hydrogen gas. which we have been producing. 

If I now set the hydrogen gas which is contamed in this receiver 
at liberty all at once, and kindle it as soon as it comes in contact 
with the atmosphere;, by presenting it to,a candle, it will so suddenly 
fuid rapidly decompose the oxygen ga6, by Combining With its basis, 
that an explosion, or a detonation, (as chemists commonly call it) vrill 
be produced. For this purpose, 1 need only take up the receiver, 

and quickly present its open niouth to the candle so. . . 

, Caroline. It produced only a sort of hissing noise, vdtth a vivid 
flash of light. I had expected a much greater report. 

Mrs. B. And so it would have been, had the gases been closely 
confined at the moment they were made to explode. If, for in- 
stance, we were to put in this bottle a mixture of hydrogen gas and 
atmospheric air; and if, after corking the bottle, we should kindle 
the mixture by a very fine orifice, from the i^udden dilatation of the 
gaJses at the moment of their combination, the bottle must either fly 
to pieces, or the cork be blown out with considerable violence. 

Caroline. But in the experiment which we have just s6en, if you 
^d not kiadjie the hydrogen gas, would it m>t equally combine with 
the oxygen? 

Mrs^ B. Certainly not : for, as I have just explained to you, it 
is necessary that the oxygen and hydrogen gases be burnt together^ 
in order to combine cheimcally and produce water. 

* Hydrogen is about 13 times lighter than atmospheric air.— ^C. 

468. Hoio much Uvhter is hydrogen than common air f 

469. How c&n hySrogen gas be made to produce an explosion with a 
loud report ? 

470. How can the experiinent named be varied so aa to produce a 
loud report ? 
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CaroUne. That is trae ; bat I thoogfat this was a difierent com 
bination, for I see no water produced. 

Mrs, B, The water resulting fix>m this detonation was so small 
in quantity, and in such a state of minute division, as to be inTisi«> 
ble. But water certainly was produced ; for oxygen is incapable 
of combining with hydrogen in any other proportions than those 
which form water ; dierefore, water must alwajrs be &e result of 
their combination. 

If, instead of bringing the hydrogen gas into sudden contact with 
the atmosphere, (as we did just now,) so as to make the whole of 
it explode the moment it is kindled, we allow but a very small sur* 
face of gas, to burn in contact with the atmosphere, the combustioa 
goes on quietly and gradually at the point of contact, without any 
detonation, because uie surfaces brought together are too small fot 
the immediate union of the gases. The experiment is a very easy 
one. This phial, with a narrow neck, (Fig. 21, No. I.) is mil of 
hydrogen gas, and is carefully cork^. & I lake out the cork 
without moving the phial, ana quickly approach the candle to the 

orifice, you will see how difierent the result will be * 

^ Emihf, How pretty it burns, with a blue flame ! 

Jig. 21. The flame is ^adually sinking within the phial— 
A now it has entirely disappeared. But does not this 

combustion likewise produce water ? 

Mrs. B. Undoubtedly. In order to make the 
formation of the water sensible to you, I shall pro- 
cure a fresh supply of hydrogen gas, by putting into 
this bottle (Fig. 21, No. 2.) iron filings, water, and 
sulphuric acid,' materials similar to those which we 
have just used for the same purpose. I shall then 
cork up the bottle, leaving only a small orifice in 
the cork, with a piece of glass tube fixed to iv 
through which the gas wiU issue in a continued 
rapid stream. ' 
« Caroline. I hear already the hissing of the gas 

\ through the tube, and I can feel a strong current 
against my hand. 
Mrs. B. This current I am going to kindle with 

^ the candle— see how vividly it burns 

I Emily. It bums like a candle with a great flame. 

^ But why does this combustipn last so much longei 

of *by1iSJef 'S.T5!! than in the former experiment ? 

Apparata. foriiiu.ira. Mrs. B. Thc combustion gocs ou Uninterruptedly 

(uw the lormation of- , .« . 11^ 

vater by the combat- as loug as the ucw g38 continucs to bc produced. — 
Hon of hydroge., gu. 1^^^ Q j ^^^^ ^•j^ reccivcr over the flame, you wiU 

* The levity of hydrogen is such, that if a vessel be filled with 
it, and kept inverted, it may be carried about the room without its 
escaping. The aboYe experiment, therefore, may be made by 
bringing a small jar, or tumbler of gas over a lighted lamp. — C. 

471. Can oxygen and hydrogen combine in any other proportions 
than to produce 4vater? 

472. What is represented in figure 21 ? 

473. How can it be made to bum like a candle ? 

474. If an inverted receiver filled with hydrogen gas be held owf 
the flame of a lamp, what will be seen on its internal surface^ 
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soon perceive its internal surface covered with a very fine dew, 
which is pure water. — * 

Caroline, Yes, indeed ; the glass Is now quite dim with mois- 
ture. How glad I am that we can see the water produced by this 
combustion. 

Emil^. It is exactly what I was anxious to^see ; for I confess I 
was a little incredulous. 

Mrs. B. Jf 1 had not held the glass bell over the flame, the 
water would have escaped in the state of vapor, as it did in the 
former experiment. We have here, of course, obtained but a very 
smaU quantity of water ; but the difficulty of procuring a proper 
apparatus, with sufficient quantities of gases, prevents my showing 
it you on a larger scale. 

The composition of water was discovered about the same period, 
both by Mr. Cavendish, in this country, and by the celebrated 
French chemist, Lavoisier. The latter invented a very perfect and 
ingenious apparatus, to perform with great accuracy, and upon a 
large scale, the formation of water by the combination of oxygen, 
and hydrogen gases. Two tubes, conveying due proportions, the 
one of oxygen the other of hydrogen gas, are inserted at opposite 
sides of a large globe of glass previously exhausted of air ; the two 
streams of gas are kindled withiif the globe, by the electrical spark, 
at the point where they come in contact ; they bum together, that 
is to say, the hydrogen combines with the oxygen, the caloric is set 
at liberty, and a quantity of water is produced exactlv equal in 
weight to that of the two gases introdnced into the globe'. 

Caroline. And what was the greatest quantity of water ever 
formed in this apparatus ? 

Mrs. B. Several ounces ; indeed, very nearly a pdund, if I recol- 
lect right ; but the operation lasted many days; 

Enaly. This experiment must have convinced all the world of 
the truth of the discovery. Pray if improper proportions of the 
gases were mixed and set fire to, what would be the result ? 

Mrs. B. Water would be equally formed, but there would be 
a residue of either one or other of the gases, because as I' have 
already told you, hydrogen and oxygen will combine only in the 
proportions requisite for the formation of water. 

Bmihj. Look, Mrs. B., our experiment with the Voltaic battery, 
(See Fig. 19,) has made great progress ; a quantity of gas has been 
formed in each tube, but in one of them there is twice as much as 
in the other. 

Mrs. B. Yes ; because, as I said before, water is composed of 



•The burning of a candle, lamp, wood, &c., always produces 
water. The tallow and oil contain hydrogen, and during combus- 
tion, it unites with the oxygen of the atmosphere. Hold a wide 
tube over a lamp, and it is soon covered with moisture. Wood 
contains hydrogen. — C. 

475. Hoto is water produced by the burning of a candle, lampf 4^. f 

476. What cfaenaists discovered the composition of water ? 

477. How would you describe the apparatus invented by Lavoisier 
for converting oxygen and hydrogen gases into water ? 

478. What would be the result if other proportions of oxygen and 
hydrogen gas were mixed than is proper for the production of v^ter? 
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two Yolames of hydrogen to one of oxygen — ^and if we should now 
mix these gases together and set fire to them hy an electrical 
spark, both cases would entirely disappear, and a small quantity 
of water womd be formed. 

There is another curious efi^t produced by the combustion of 
hydrogen eas, which I shall show you, though 1 must acquaint you 
first, that 1 cannot well explain the cause of it. For this purpose, 
I must put some materials into our apparatus, in order to obtain a 
stream of hydrogen gas,, just as- we have done before. The process 
is already going on, and the gas^ia rushing through the tube, I shall 
now kindle it with a taper. 

EmiJy. It bums exactly as xV did before — ^What is the cu^oos 
effect which you are mentioning }^ 

Mrs, B. Instead of the receiver, by means of which we have 

just seen the drops of water form, we shall invert over the flame 

this piece of tube, which is about two feet in length, and one inch 

in diameter, but you must observe that it is open at both ends. 

(Fig. 22.) Emily, What^a strange noise it produces ! something 

Hke the .^Eolian harp, but not so sweet. 

Garoline. It is very singular indeed; but I think 
rather too powerful t6 be pleasing. And is not this 
sound accounted for ? 

Mrs, B. That the percussion of glass, by a rapid 
stream of gas, should produce a sound, is not extraor- 
dinary : but the sound here is so peculiar, that no other 
gas has a similar effect. Perhaps it is owing to a brisk 
vibratory motion of the glass occasioned by the succes- 
sive formation and condensation of small drops of water 
on the sides of the glass tube, and the air Bushing in to 
replace the vacuum t rmed.* 

Caroline, How very much this flame resembles the 
burning of a candle. 

Mrs. B, The burning of a candle is produced by much 
^he same means. A great deal of hydrogen is contained 
In candks, whether of tallow or wax. This hydrogen 
being converted into gas by the heat of the candle, cona- 
bines with the oxygen of the atmosphere, and flame and 
water result from the combination. So that in fact the 
iipparah» fdr f^a-^ie of a candle is owing to the combustion of hydrogen 
producing w gas. An elevation of temperature, such as is produced 
K^SiJoif by a lighted match or taper, is required to give the first 
Hydrogen ga«. impQige to tho combustlon ; but afterwards it goes on of 
itself, because ^he candle finds a supply of caloric in the successive 
quantities of heat which result from the union of the two electrici- 
ties given out by the gases during th^ir combustion. But there are 
other circumstances connected with the combustion of candles and 
lamps, which I cannot explain to yon till you are acquainted with 
carbon, which is one of their constituent parts. In general, how- 
ever, whenever you see flame, you may infer, that it is owing to the 

•This ingenious explanation was first suggested by Dr. Dela- 
rive. See Journals of the Royal Institution, vol. i. p. 259. • 

479. What curious experiment is exhibited in figure 22 ? 
. 480. How is a common candle made to burn ? 
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formafion and hurtling of hydrogen gas*t; for flame is the peculiar 
TOftodd -of burning hydrogen gas, which with only one or two appa- 
rent exceptions, does not belong to any other coiaabrustible. 

Emily, You astonish me ; I understood that flame was the caloric 
produced by the union «^ the two electricities, in all combustions 
whatever. 

Mrs. B. Your error proceeded from your vague and incorrect 
idea of flame ; you have confounded it with the liglit and caioric in 
general. Flame always implies caloric, since it is produced by the 
combustion of hydrogen gas : but all caloric does not imply flame. 
C!oals, for instance, bum with flame, until all the hydrogen which 
they contain is evaporated ; but when they afterwards become red 
hot, much more caloric is disengaged than when they produce 
flame. 

Caroline. But the iron wire, which jrou burnt in oxygen gas, 
appeared to me to emit flame ; yet, as it was a simple metal, it 
could contain no hydrogen, 

Mr&. B. it produced a sparkling, dazzling blaze of light, but no 
real flame. 

EhiUy. And what is the cause of the regular shape of the flame 
of a candle ? 

Mrs. B. The regular stream of hydrogen gas which exhales 
£rom its combustible matter. 

-Carolme. But the hydrogen gas must, from its great levity, 
ascend into the upper regions of the atmosphere ; why, therefore, 
does not the flame continue to accompany it ? 

Mrs. B. The combustion of the hydrogen gas is completed at the 
point where the flame terminates : it then ceases to be hydrogen 
gas, as it is cokverted, by its combination with oxygen, into watery 
Tapor; but in a estate -of such minute division as to be invisible. 

daroiine. I do not undei»taiid what is the use of the wick of a 
candle, since the hydrogen gas bur«s so well without it, 

Mrs. B. The combustible matter of the candle must be decom- 
posed, in order to emit the hydrogen gas ; and the wick is instru- 
nentai in eff*ecting this decomposition. ' Its combustion firist melts 
the combustible matter, and — 

Caroline. But, in lamps, the combustible matter is already fluid, 
and yet they also require wicks. 

Mrs. B. I am going to add, that afterwards, the burning wick 
(by the i>ower of capillary attraction) gradually draws up the fluid 
to the point where combustion takes place ; for you must hiVe ob- 
served that the wick does not bum quite to the bottom. 

* Or rather hydro^arbonai, a gas composed of hydrogen and car- 
bon, which will be noticed under the head Carbon. 

t The candle also contains carbon, which gives brilliancy to the 
flame, and the product of combination besides flame and water is a 
quantity of carbonic acid. — C. 

481. What is said m Uie note tff tht burning of a candle f 
4SQ. What is flame? 

483. How lon^ will coals bum with flame ? . 

484. To what is the regular sfaa)^ of ihe fiame of k candle oWUg ? 

485. If the flame of a ea&dle is prodnced by Hydrogen gas, why is 
Hkt wiek aecetsaiy ? 
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CaroUne. Yes ; but I do not understand why it does not. 

Mrs, B, Because the air has not so free an access to that part of 
the wick whiclr is immediately in contact with the candle as to the 
part just above, so that the heat there is not sufficient to produce 
Its decomposition ; the combustioui therefore, begins a little above 
this point.* 

Caroline. But, Mrs. B. , in those beautiful lights called gas hghts, 
which are now seen in so many streets, and will, I hope, be soon 
adopted every where, I can perceive no wick at all. How are these 
. lights managed ? 

Mrs, B. 1 am glad you have put me in mind of saying a few 
words on this very useful and important improvement. In this mode 
of lighting, the gas is conveyed to the extremity of a tube, where 
it is kindled, and bums as lon^ as the supply continues. There is, 
therefore, no occasion for a wick, or any other fuel whatever. 

Emily. But how is this gas procured in such large quantities ? 

Mrs. B. It is obtained from coal, by distillation. Coal, when 
exposed to heat in a close vessel, is decomposed ; and hydrogen, 
which is one of its constituents, rises in a state of gas, combmed 
with another of its component parts, carbon, forming a compound 
ffas, called Hydro- Carbonat, the nature of which we shall aj?SLUi 
have an opportunity of noticing when we treat of carbon. This 
gas, like hydrogen, is perfectly transparent, invisible, and highly 
mflammable ; and, in burning, it emits that vivid light which you 
have so often observed. 

Caroline. And does the process for procuring it require nothing 
but heating the coals, and conve5ring the gas through tubes ? 

Mrs. B. Nothing else, except that the gas must be made to P&88« 
immediately at its formation, through two or three large vessels ot 
water, t in which it deposits some other ingredients, and especially 
water, tar, and oil, which also arise from the distillation of coals. 
The gas light apparatus, therefore, consists simply in a large iron 
vessel, in which the coals are exposed to the heat of a furnace, — 
some reservoirs of water, in which the gas deposits its impurities, 
and tubes that convey it to the desired spot, being propeUed with 
uniform velocity through the tubes, by means of a certain degree 
of pressure which is made upon the reservoir. 

* In the burning of a candle, the reason why combustion does not 
take place in immediate contact with the tallow, is, that the caloric 
is here employed in converting a solid into fluid, as explained in 
the conversation on free caloric. In the burning of a lamp, if the 
same thing takes place, it is because the metallic tube through 
which the wick passes, conducts oflf the heat. — C. 

f The gas is passed through one vessel of slacked lime and water 
to absorb the carbonic acid gas, with which it is always more or 
less mixed, when first distilled. — C. 

486. Whyisit that the wick of a candle does not bum to the hotUmt 

4d7. How are gas lights made to burn without wicks.' 

488. What is the gas called, used in lighting the streets of tome 

Itm cities ? 
SSQ» How is it obtained.' 

. 490. Of what does the gas light apparatus consist' 
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^mify. What an admirable contrivance ! Do jou not think, Mrs. 
B., that it will soon be uniyersaUy adopted ? 

Mrs, B. Most probably; for the purpose of lighting streets, offi- 
ces, and public places, it fix surpasses any former invention \ bat in 
regard to the interior of private houses, this mode of lighting has not 
yet been sufficiently tried to knov^r whether it wDl be found generally 
desirable, either with respect to economy or convenience. It may, 
however, be considered as one of the happiest applications of 
chemistry to the comforts of life ; and there is every reason to sup- 
pose that it will answer the full extent of public expectation. 

I have another experiment to show you with hydrogen fas, which 
I think, win entertam you* Have you ever blown bubbles with 
soap and water ? 

t^mxkf. Yes, often, ^hen I was a child ; and I used to make them 
float in the air by blowing them upwards. 

Mrs. B, We shall fill some bubbles with hydrogen gas, instead 
of atmospheric air, and you will see with what ease and rapidity 
they vdll ascend, without the assistance of blowing, from the light- 
ness of tiie gas.-^Will you mix some soap and water, whilst Ifill 
this bladder with the gas contained in the receiver Which stands on 
the shelf in the water bath ? « 

Caroline:* What is the use of the brass-stopper and ftrfft-cock at 
the top of the receiver ? 

Mrs* B* It is to afford a passage to the gas, when required. There 
is, you see, a similar stop-cock fastened to this bladder, which is 
made to fit on the receiver. I screw them one on the other, and 
now turn the two cocks, to open a communication between the re- 
ceiver and the bladder ; then, by sliding the receiver off the shelf, 
and gently sinking into the bath, the water rises in the receiver, and 
forces the gas into the bladder. (Fig. ^3, No. 1.) 

Caroline. Yes. I see the bladder swell as the water rises in the 
receiver. 

Mrs, B, I think that we have already a sufficient quantity in the 
bladder for our purpose ; we must be careful to stop both- the cock^ 
before we separate the bladder from the receiver, lest Uie gas should 
escape. — Now I must fix a pipe to the stopper of the bladder, and 
by dipping its mouth into the soap and water, take up a few drops ; ' 
then I again turn the cock, and squeeze the' bladder, in order to 
force the gas into the soap and water, at the mouth of the pipe. 
(Fjff. 23, No. 2.J 

EmUy, There is a bubble ; but it biu^ts before it leaves the mouth 
of the pipe. 

Mrs, B, We must have patience and try again ; it> is not easy to 
blow bubbles by means of a bladder, as simply with the breath. 

Caroline, Perhaps there i&not soap enough in the water, I should 
have had warm water; it would have dissolved the soap better. 

Emily. Does not some of the gas escape between the bladder and 
the pipe ? 

491. What is said of ligtitiiig streetd> offic^s^ and public places with 
thifl^as ? 

4^. How can bubbles of soap and water be made to float in the air ^ 

How can these bubbles be made so as to explode on settiug fire to 
Aem ? (See page 123.) 

403. What 18 represented m 23, No. 1 and 2 ^ 
11* 
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No. 1 Apparatus for transferring gases ftom a Ret^iyer intq a Madder. No. SI, 
Apparatus for blowing Soap bubbles. 

Mrs, jB. No ; tf^ey are perfbcUy a« tight ; we shall snooeed; 
presently, I dare say. 

Caroline. Now a bubble ascends ; it moves with the rapidity of 
a balloon. How beautifully it refracts the light. 

Emity. It has burst against the ceiling — ^you succeed now won^ 
derfuUy ; but why do they all ascend and burst against the ceiling ?. 

Mrs. B. Hydrogen gas is so much lighter than atmospherical air,, 
that it ascends rapidly with its very light envelope, which is burst 
by the force with which it strikes the ceiling. 

Air-balloons are filled with this gas, and if they carry no other, 
weightthan their covering, would ascend as rapidly as these bubbles. 

Caroline. Yet their covering must be much heavier than that of 
these bubbles ! 

Mrs. B. Not m proportion to the quantity of gas |hey contain. 
I do not know whether you have ever been present at the filling of^ 
a large balloon. The. apparatus for that purpose is very simple. 
Tt consists of a number of vesj^ls, either jars or barrels, in which 
•he materials for the formation of the gas are mixed, each of these. 
being furnished with a tube, and communicating with a long flexi- 
ble pipe which conveys the gas into the balloon. 

Emily. But th,e fire balloons which Vtere first invented, and have 
been since abandoned, on account of their being so dangerous, were 
constructed, I suppose, on a difierent principle. 

Mrs. B. They were filled sipiply with atmospherical air, consider*, 

494. With what are air balloons filled? 

495. What is the apparatus for filling a large ballpon with hydrogeq, 
gas? 

496. With what were fire balloons filled? 

497. Why were they abandoned ? 
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wklty rarefied by heat ; and the necessity of having a fire underneath 
the balloon, in order to preserve the rarefaction of the air within it, 
was the circumstance productive of so much danger. 

If you are not yet tired of experiments, I have another to diow 
yon. It consists in filling soaprbubbles with a mixture of hydi 
cmd oxygen gases, in the proportions that form water : and \ 
wards setting fire to them. 

Endhf. They will detonate, I suppose. 

Mrs, jB. Yes, they will. As you have seen the method of tran&< 
ferring the gas from the receiver into the bladder, it is not necessary 
to repeat it. I have therefore provided a bladder which contains a 
due proportion of oxygen and hydrogen gases, and we have only to 
blow bubbles with it. 

Caroline. Here is a fine large bubble rising— shall I set fire to it 
with a candle ? 

Mrs. B. If you please. 

Caroline. Heavens, what an explosion ! * It was like the report 
of a ^un ; I confess it frightened me much. I never should have 
imagmed it could he so loud. 

Emily. And the flash was as vivid as lightning. 

Mrs. B. The combination of the two gases take place during 
that instant of time that you see the flash, and hear the detonation., 

Emily. This has a strong resemblance to thunder and lightning.f 

Mrs. B. These phenomena, however, are generally of an eleo* 
trical nature. Yet various meteorological eflfects may be attributed 
to accidental detonations of hydrogen gas in the atmosphere ; for 
mature abounds with hydsogen ; it constitutes a very considerable 
portion of the whole mass of water belonging to our globe, and fromt 
that source almost every body obtains it. It enters into the com-, 
position of all animal substances, and of a great number of minerals ; 
but it is most abundant in vegetables. From this immense variety 
of bodies it is often spontaneously dischasged ; its great levity 
Biakes it rise into the- superior regions of the atmosphere ; and 
when, either by an electrical spark, or any casual elevation of tem- 
perature it takes fire, it may produce such meteors or luminous- 
appearances as are occasionally seen in the atmosphere. Of this 
kind are probably those broad flashes which we often see on a, 
summer evening without hearing any detonation. 

Emily. Every flash, I suppose, must produce a quantity of water ? 

Caroline. And this water, naturally, descends in the form of rain^ 

Mrs. B. That probably is often the case, though it is not a neces- 

* In making this experiment, always be careful to turn the stop- 
cock, or detach the bubble completely from the pipe before it is set' 
fire to ; otherwise a sad accident may happen frorti the gas taking 
fire in the bladder .-^C. 

f The report is owing to the air,, rushing in to fill the vacuum, 
caused by the condensation of the two gases, and the heat extricat-^ 
ed at the same instant.— -€. 

498. How can bubbles be made of soap and water so as to ezI^ode^ 
i^ith a loud Import, on setting fire to them ? 

499. To what is it said in the note that the rmort is oicing f 

500. In what substance is hydrogen most abundant ? 

501. How may heat lightning be accounted for ' 
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wary eonsequeBoe ; fyr ike water may be dissolTed by the atmo» 
pheie, as h deecends towards the lower regions, and remam there 
in the form of cloads. 

The application of electrical attraction to chemical phenomena is 
likely to lead to many yery interesting discoyeries in meteorology ; 
£>r eleetiidty eyidently acts a most important part in the atmosphere. 
1^8 subject, however, is, as yet, not sofficiently developed for me 
to venture eodarging upon it. The phenomena of the atmosphere 
are faa from being well understood : and even with the little that i» 
known, I am but imperfectly acquainted. 

But before we take leave o£ hydrogen, I must not omit to mentiim 
to you a most interesting discovery of Six H. Davy, which is eon^ 
n^ted with this subject. 

Caroline. You allude, I suppose^to the new miner's lamp, which 
has of late been so much talk^ of. I have long been desirous of 
knowing what that discovery was, and what purpose it was intend- 
ed to answer. 

Mrs. B. It often happens in coal mines, thai quantities of the gas 
called by chemists hydro carbonat, or by the miners ftre damp, (the 
same froiA which the gas lights are obtained,) ooze out from the fis- 
sures ia the beds of coal, and fill the cavities in which the men are 
at work ; and this gas being inflammable, the consequence is, that 
when the men approach those places, with a lighted candle, the gas- 
. takes fire, and explosions happen, which destroy the men and horses 
SBwlo^ed in that part of the colliery, sometimes in great numbers. 

Ihufy. What tremendous accidents these must be ! But whence- 
does that gas originate ? 

Mrs. B. Being the chief product of the combustion of coal, no 
wonder that inflammable gas should occasionally appear in situa- 
tions in which this mineral abounds, since there can be no doubt 
that processes of combustion are frequently taking place at a great 
depth under the surface of the earth ; and, therefore, these accumu- 
lations of gas niay arise either from combustions actually going on,, 
oc from former combustions, thegas having perhaps been: confined 
there for ages. 

Caroline . And how does Sir H. Davy's lamp prevent those 
dreadful explosions. 

Mrs. B. By a contrivance equally simple and ingenious ; and 
one which does no less credit to the philosophical views from which 
it was deduced, than to the philanthropic motives from which the- 
iliquiry sprung. The principle of the lamp is shortly this : It was 
ascertained two or three years ago, both by Mr. Tenant, and by Sir 
Humphrey himself, that the combustion of inflammable gas could 
not be propagated through small tubes ; so that if a jet of an in- 
flammable gaseous mixture, issuing from a bladder or an^ other 
vessel, through a small tube, be set fire to, it burns at the orifice of 
the tube but the flame never penetrates into the vessel. It is upon 
this fact that Sir Humphrey's safety lamp is founded. 

Emily. But why does not the flame ever penetrate through the . 

502. Is it supposed that the subject of meteorology is well under-^ 
stood? 



Upon what discoverv of Mr. Tenant and Sir H. Davy was thfr 

muwr'a safety lamp founded ? 
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tube into the vessel from which the gas issues, so as to explode at 
once the whole of the gas ? 

Mrs. B, Because, no doubt, the inflamed gas is so much cooled 
in its passage through a small tube as to cease to bum before the 
combustion reaches the reservoir, 

Caroline. And how can this principle be applied to the construc- 
tion of a lamp ? 

Mrs. B. iNothing easier. You need only suppose a lamp en- 
closed all round in glass or horn, but having a number of small 
open tubes at the bottom, and others at the top, to let the air in and 
out. Now, if such a lamp or lantern be carried into an atmosphere 
capable of exploding, an explosion ot combustion of the ffas will take 
place toithin the lamp ; and although the vent afforded by the tubes 
will save the lamp from bursting, yet from the principle just ex- 
plained,- the combustion will not be propagated to the external air 
through the tubes, so that no farther consequence will ensue. 

Emily. And is that all the mystery of that valuable lamp ? 

Mrs. B. No ; in the early part of the inquiry, a lamp of this kind 
^vas actually proposed ; but it was but a rude sketch compared to 
its present state of improvement. Sir H. Davy, after a succession 
of ^trials, by which he brought his lamp nearer and nearer to per- 
fection, at last conceived the happy idea, that if the lamp were sur- 
rounded with a wire-wick or wire-gauze, of a close texture, instead 
of glass or horn, the tubular contrivance I have just described 
woiJd be entirely superseded, since each of the interstices of the 
gauze would act as a tube in preventing the propagation of explo- 
sions: so that this previous metallic covering would answer the 
various purposes of transparency, of permeabihty to air and of pro- 
tection against explosion. This idea. Sir Humphrey immediately 
submitted to the test of experiment, and the result has answerea 
his most sanguine expectations, both in his laboratory and in the 
collieries where it has already been extensively tried. And he has 
now the happiness of thinking that his invention will probably be 
the means of saving every year a number of lives, which would 
have been lost in digging out of the bowels of the earth one of the 
roost valuable necessaries of Ufe. Here is one of these lamps, every 
part of which you will at once comprehend. (Fig* 24.) 

Caroline. How very simple and ingenious ! But I do not yet well 
see why an explosion taking place within the lamp, should not 
communicate to the external air around it, through the interstices 
of the wire ? 

Mrs. B. Thjs has been, and is still a subject of wonder, evey to 
philosophers ; and the only mode they have of explaining it is, that 
flame or i^tion cannot pass through a fine wire work, because 
the metalhc wire cools the flame sufficiently to extinguish it in 
passing through the gauze. This property of the wire gauze is 
quite similar to that of the tubes which I mentioned on introducing 
the subject ; for you may consider each interstice of the gauze as 
an extremely short tube of a very small diameter. 

506. Why does not flame penetrate through a tube that conveys hy- 
dfOflnen QM so as to produce an explosion .' 
W. How would you desctibe the miner's lamp ? 
506. What is the use of the miner's lamp? 
509. Which figure represents the miner's lamp ' 
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Emify. But I should expect the wire Fig. 24, 

would often become red h< 
burning of the e^s within tl 

Mrs. B, And this is ac 
case ; for the top of the lai 
apt to become red hot. 
nately, such inflammable 
mixtuTe« as are found in 1 
cannot be exploded by th 
wire, the intervention of a< 
being required for that pi 
that the wire does not set 
explosive gas around it. 

EaUfy. I can understand 
if the wire be red hot how 
the flame within, and prevei 
ing through the gauze ? 

Mrs. B. The gauze, thouj 
is not so hot as the flame 
it has been heated; and i 
wire is a good conductor, 
does not much accumulate 
passes oflf quickly to the otl: 
the lamp, as well as to any 
bodies. 

Caroline. This is indeed 
teresting discovery, and < 
shows at once the imme 
with which science may be 
applied to some of the most 
purposes. 



CONTERSATIOIf 

ON SULPHUR AND PHOS: 

Mrs. B. Sulphur is the 
stance that comes under c 
eradon. It differs in on( 
point from the preceding, \ 
m a solid form at the temj 
the atmosphere. 

Carolim. I Mn glad that we have a. the cistern containing the oil. 
at last a solid body to examine : one B. the rim or acrew by which the 
that we can see and touch. Pray, is g'^rtfre^fo? wSyiw Sit"*' b' 
it not with sulphur that the points of a'w&e for trimming the wick dI 
matches are covered, to make them F> the wire gauze cylinder. G^ • 
easily kmdle ? *•*>"*>*• '^^P- 

510. What is necessary to produce explosions in inflammable gase- 
ous mixtures ? 

511. In what state does sulphur exist ' 
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Mrs, B. Tes, it is ; and you therefore already know, that sul- 
phur is a very combustible substance. It is seldom discovered in 
nature in a pure unmixed state ; so great is its affinity for other 
substances, tliat it is almost constantly found combined with some 
of them. It is most commonly united with metals under various 
forms, and is separated from them by a very simple process. It 
exists, likewise, m many mineral waters, and some vegetables yield 
It in various proportions, especially those of the cruciform tribe. 
It is also found in animal* matter ; in short, it may be discovered in 
creater or less quantity in the mineral, vegetable, and animal 
kingdoms.* 

Sfnihj. I have heard oi flowers of sulphur, — are they the produce 
of any plant ? 

Mrs. B. By no means ; they consist of nothing more than com- 
mon sulphur, reduced in a very fine powder by a process called 
sublimation. You see some of it in this phial ; it is exactly the 
same substance- as the lump of sulphur, onl3r its color is a paler 
yellow, owing to its state of very minute division. 
Emily. Pray, what is sublimation ? 

Mrs. B. It is the evaporation, or more properly speaking, the 
volatilization of solid substances, which, in cooling, condense again 
into a concrete form. The process, in this instance, must be per- 
formed in a closed vessel, both to prevent combustion, which would 
take place if the access of air were not carefully precluded, and 
likewise, in order to collect the substance after the operation. As it 
is rather a slow process we shall not try the experiment now ; but 
vou will understand it perfectly if I show you the apparatus used 
for the purpose, (fig. 25.) Some lumps of sulphur are put into a 
Pig. 25. receiver of this kind, which is called a cu- 

curbit. Its shape, you see, somewhat resem- 
bles that of a pear, and is open at the top, 
so as to adapt itself exactly to a kind of con- 
ical receiver of this sort, called the head. 
The cucurbit, thus covered with its head 
is placed over a sand-bath ; this is nothing 
more than a vessel full of sand, which is 
kept heated by a furnace, such as you see 
here, so as to preserve the apparatus in a 
moderate and uniform temperature. The 
sulphur then soon begins to melt, and im- 
mediately after, this, a thick white smoke 
.rises, which is gradually deposited within 
the head, or upper part of the apparatus, 
where it condenses against the sides, some- 
what in the form of vegetation, whence it 
Subii/nadon of SollCIir. ^. Obtained the name ol flowers of sulphur. 
A. Alembic. B. Sand-bath. This apparatus, which is called an cuembtCj 
c. Furnace. ia highly useful in all kinds of distillations, 

• The sulphur of commerce is chiefly obtained in the vicinity of 

512. In what maj it be found ? 

61 3. H ow do the flowers of sulphur diflTer from sulphur in a solid state ? 

514. What is sublimation ? 

615. What does figure 25 lepresent .' 

616. Trom what is the name "Flowers of Sulphur," derived.^ 
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S8 yon win see when we come to treat of those operations. Alem- 
bics are not conmionly made of glass, like this, which is applicable 
only to distillation upon a very small scale. Those used in manu- 
fectures, are generally made of copper, and are of course consid- 
erably larger. The general constructioD, however, is always the 
same, although their shape admits of some variation. 

Caroline. What is the use of that neck, or tube, which bends 
down from the upper piece of the apparatus ? 

Mrs, B, It is of no use in sublimations \ but in distillations, (the 
general object of which is- to evaporate, by heat, in closed vessels, 
the volatile parts of a compound body, and to condense them again 
into a liquid,) it serves to carry off the condensed fluid, which 
otherwise would fall back into the cucurbit. But this is rather 
foreign to our present subject. Let us return to the sulphur. 
You now perfectly understand, I suppose, what Is meant by sub- 
limation ? 

Emily. I believe I do. Sublimation appears to consist in de- 
stroying by means of heat, the attraction of aggregation of the 
particles of a solid body, which are thus volatilized ; and as soon as 
they lose the caloric which produced that effect, they are deposited 
in the form of a fine powder. 

Caroline. It seems to me to be somewhat similar to the trans- 
formation of water into vapor, which returns to its liquid state 
when deprived of caloric. 

EmUy, There is this difference, however, that the sulphur does 
not return to its former state, since instead of lumps, it changes to 
a fine powder. 

Mrs. B. ChemicaUy speaking, it is exactly the same substance, 
whether in the form of lump or powder. For if this powder be 
melted again by heat, it will, in cooling, be restored to the same 
solid state in which it was before its sublimation. 

Caroline. But if there be no real change produced by the subli- 
mation of the sulphur, what is the use of that operation ? 

Mrs. B. It divides the sulphur into very minute parts, and thus 
disposes it to enter more readily into combination with other bodies. 
It is used also as a means of purification. 

Caroline. Sublimation appears to me like the beginning of com- 
bustion, for the completion of which one circumstance only is 
wanting, the absorption of oxygen. 

Mrs. B. But that circumstance is every thing. No essential 
alteration is produced in sulphur by sublimation; whilst in' combus- 
tion it combines with the oxygen, and forms a new compound totally- 
different in every respect from sulphur in its pure state. We shall 
now bum some sulphur, and you will see how very different the re- 
volcanoes, or in volcanic countries, where it is brought up from the 
bowels of the earth by svblimation. An inferior kind is obtained 
by the distillation of pyrites.— C. - 

517. What efSeci is produced if the flowers of sulphur are melted ? 

518. If no real change is produced by the sublimation of sulphur, 
what is the use of that operation .' 

519. What is the difference between the sublimation and combustion 
of sulphur ? 

520. If solphor is burnt, what will be the result? 
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nvlt will be. For this purpose I put a small quantity of flowers of 
sulphur into this cup, and place it in a dish, into which I have pour- 
ed a little water ; I now set fire to the sulphur with the point of this 
hot wire ; for its combustion will not begin unless its temperature 
be considerably raised. You see that it bums with a faint bluish 
. £ame ; and as 1 invert over it this receiver, white fumes arise from 
the sul|)hur, and £ll the vessel. You will soon perceive that the 
water is rising within the receiver, a little above its level in the 
plate. Well, Emily, can you account for this ? 

Emily, I suppose that the sulphur has absorbed, the oxygen from 
the atmospherical air within the receiver, and that we shall find 
some oxygenated sulphur in the cup. As for the white smoke, I 
am quite at a loss to guess what it may be. 

Mrs, B, Your first conjecture is very right ; but yen are mi»- 
taken in the last ; for nothing will be left in the cup. The white 
vapor is the oxygenated sulphur, which assumes the form of an 
elastic fluid of a pongent and ofi*ensive smell, and is a powerful acid. 
Here you see a chemical combination of oxygen and sulphur, pro- 
ducing a true gas, which would continue such under the |)ressure 
and at the temperature of the atmosphere, if it did not unite with 
the water in the plate, to which it imparts its acid taste, and all its 
acid properties. You see now with what curious eff*ects the com- 
bustion of sulphur is attended. 

Caroline. This is something quite new ; and I confess that I do 
not perfectly understand why uie sulphur turns acid. 

Mrs. B. It is because it unites with the oxygen, which is the 
acidifving principle. And indeed, the word oocygen is derived from 
two Greek words siffnifying to produce an add. 

Caroline. Why, theft, is not water which contains such a quanti- 
ty of oxygen', acid ? 

Mrs. JB. Because hydrogen, which is the other constituent of 
water, is not susceptible of acidification. I believe it will be neces- 
sary before we proceed further, to say a few words on the general 
nat\u-e of acids, though it is rather a deviation from our plan of 
examining the simple bodies separately, before we consider them in 
a state of combustion. 

Acids maybe considered as a peculiar class of bumi* bodies, 
which during their combustion or combination with oxygen, have 
•acquired very characteristic properties. They are chiefly' discerni- 
ble by their sour taste, and by turning red most of the blue vegeta- 
ble colore Thfibe two properties are common to the whole class 
of acids , ou; each of them is distinguished by other peculiar qual- 
ities. Every acid consistp /il some peculiar substances, (which 

* This might mislead the student. The acids are not all of them 
formed by buminjp^. All the Testable acids, as the citric, malic, 
&c. exist ready formed : some of them are contaiodd in fruits, as 
in lemons, apples, &c.— C. 

521. What is the acidifying ;miicip{e? 
582. What does the term ozjgen signify ? 

523. If oxygen is the acidifying principle, why does not water become 
scid, since it containd so much of that gas ^ 
GSii. Of what do acids consist ? 

12 
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eonstitiites its baais, and '» dt&reat m each,) «»4 c^oxy^ge^ipvii^ 
is oonunon to thein all. 

Emi^. Bat I do not cleadj see the diSeiienfQe b^ween acids and 
docjds. 

Mrs, B. Acids were im fact oxyds, which, by the additk»t of a 
certain quantity of oxygen, have been co»verted into s^kls. For 
acidification, you must observe always implies previous oa;ydation, 
as a body must have combined with the quantity of oxygen requisite 
to constitute it an oxyd, belbre it can combine >ntB the greater 
quantity which is necessary to render it an acid. 

Qtroline, Are all oxyds capable of being converted into acids ? 

Mrs, B, Very &r from it ; it is only certain substuiees ^viiidi 
will enter into that pecuUar kind of union with oxygen, tiiat produ- 
-ces acids, and the number of these is proportionsdly very small ; 
but all burnt bodies may be considered as belonging either to tbe 
class of oxyds, or that of acids. At a future penod, we shall ^iter 
ihore at large into this subject. At present, I have but one cir- 
cumstance mrther to point out to your observation respecting 
acids ; it is, that most of them are susceptible of two degrees of 
acidification, according to the difilei^ent quantities of oxygen with 
which their bases combine. 

Emihj, A^d how are these two degrees of acidification distin 
guished. 

. Mrs, B, By the peculiar properties which result from them.— 
The acid we have just made is the first 6r weakest degree of acidi- 
fication, and is called sulphureous acidr—if it were fiuly saturated 
with oxygen, it would be called sulphuric add. You must there^ 
fore reriiember, that in this, as in all acids, the first degree of acidi- 
fication is expressed by the termination in otis — ^the stronger by the 
termination in tc. 

Qjreline, And how is the sulphuric acid made ? 

Mrs,-B, By burning sulphur over water, in pure oxygen gad; 
and thus rendering its combustion much more complete. I have 
provided some oxygen gas for this purpose ; it is in that bottle, 'but 
we must fbrst decant the gas into the glass receiver which stan^ on 
the shelf in the bath, and is full of water. " 

Caroline, Pray, let me try to do it, Mrs. B. 

Mrs, B. It requires some little dexterity — ^hoM the bottom com- 
jpletely under water, and do not turn the mouth upwards, tQl it is 
immediately under the aperture in the shelf through which the gas 
is to pass into the receiver, and then turn it up gradually. Very 
well ; you have only let a few bubbles escape, and that must be 
•xpected at a first trial. Now I shall put this piece of sulphur into 
the rfifceiver, through the opening at tne top, and introduce along 
with it a small piece of lighted tinder to set fire to it. Hhs re^ 
quires to be done very quickly, lest the atmosphwical air should 
•btain entrance, and mix with the pure oxygen gas. 

Emily. How beautiful it bums ! 

Carobne, But it is already buried in the thick vapor. This, I 
suppose, is sulphtric acid ? 

5!^. What is the difference between oxyds and acids ? 
696. Are jlU oxyds capable of beconiinff ^ucids ? 
127. What is the difi*erence between suTpHhreoitt aibids and sulpharijt 
■iiids ? 528. How is sulphuric acid obtained ? 
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M^. J9. Snlphnreotrs acid, as we have already obseirfed, is a 
permaneftt gas, and tsan be obtained in a liquid foria only by con- 
densing it in water. In its pure state, tiie salpbureou^ add. is in- 
visible, and it now appears in the form of a white smoke, &<nn hs 
combining ^ith the moisture. But the vapor of the solphuric add) 
Which you have just seen to rise during the combustion, is not gas, 
out only a vapor, which condenses into liquid sulphuric acid, by 
losing its caloric. It appears, however, from Sir H. Davy's exper- 
iments, tbat this formation and condensation of 'sulphuric acid,, 
requires the presence of water, for which purpose, the vapor is 
received into cold water, which may afterwards be separated fyom 
the acid by the evaporation. 

Sulphur has hitherto been considered as a simple substance ; but 
Sir H. Davy has suspected that it contains a small portion of hydro- 
gen, and perhaps also of oxygen. 

On submitting sulphur to the action of a Volt«c battery, he cfc- 
served that the negative wire gave out hydrogen ; and the existenc* 
of hydrogen in sulphur was rendered still more probable by his 
observing that a small quantity of water was produced during the 
combustion of sulphur. 

Emify. And pray of whsU; nature is sulphur when perfectly pure ? 

Mr^, B. SuJphto has probably never been obtained perfectly free 
from combination, so that its radical may possibly possess properties 
very different from those of common sulphur. It has been suspected 
to be of a metallic nature ; but this is mere conjecture. 

Before we quit the subject of sulphur, I must tell you that it is 
susceptible of combining with a great variety of substances, and 
especially vrith hydrogen, vrith which you are already acquainted. 
Hydrogen £as can dii^lve a small portion of it. 

Emily, What! can a gas dissolve a«olid substance? 

Mrs. S. Yes ; a BoHd substance may be so minutely divided by 
heat, as to become soluble in gas ; an4 of this there are several in- 
stances. But you must observe, that, in the present case, a chemi- 
cal union or combination of the sulphur with the hydrogen gas is 
produced. In order to effect this, the sulphur must be strongly 
heated in -oontact with the gas ; and the heat reduces the sulphur to 
fiuch a state of extreme division, and difiuses it so thoroughly with 
the ga&, that they combine and incorporate together. And as a 
proof that there must be a chemical umon between the sulphur an4 
the gas, it is sufficient to remark that they are not separated when 
the sulphur loses the caloric by which it was volatilized. Besides, 
it is evident, from the pecuHar fetid smell of this gas, that it is a 
new compound, totally different from either of its constituents ; it is 
called sulphuretted hydrogen gas, and is contained in great abun- 
dance in sulphureous mineral waters. 

Caroline. Are not the Harrogate waters of this nature ? 

529. Are sulpfaureoos and sulphttrie fteide ^ways in a gaaeous state ? 

530. What was Sir H. Davy's opinioo concermng sttlpmir ? 

531 . What 18 sulphur in its pure state ? 

532. Can a gas dissolve a solid svibstaiipe ? 

533. How can it be done ? 

534. How is it known that the anion l^ween hydrogen gas and sol- 
phnr is a chemical union ? 

535. What is the product of this union ? 
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3^. B. Tea ; they are naturally imjnregnated with sidphuxetted 
hydrogen gas, and there are many other springs of the same kind, 
which show that this gas must onen be formed in the bowels of the 
earth by spontaneous processes of nature. 

Caroline, And could not such waters be made artificially by 
impregnating- conmion water with this ^as ? 

Mrs. B, les ; they can be so well imitated, as perfectly to 
resemble the Harrogate waters. 

Sulohur combines likewise with phosphorus, and with the alkalies, 
and alkaline earths, substances with which you are yet unacquaint- 
ed. We cannot, therefore, enter into these combinations at present. 
In our next lesson we shall treat of phosphorus. 

Emily, May we not begin that subject to day ; this lesson has 
been so short ? 

Mrs, B, I have no objection, if you are not tired. What do you 
say, Caroline ? 

Caroline, I am as desirous as Emily of prolonging the lesson to- 
day, especially as we are to enter on a new subject ; for I confess 
that sulphur has not appeared to me so interesting as the other 
simple iHodies. 

Mrs, B, Perhaps you may find phosphorus more entertaining". 
You must not, however, be discouraffed when you meet with some 
parts of a study less amusing than others ; it would answer no good 
purpose to select the most pleasing parts, since, if we did not pro- 
oeed with some method, in order to acquire a general idea of the 
whole, we could scarcely expect to take interest in any paOrticular 
subjects. 

PHOBI^HORtTS. 

Phosphorus is considered as a simple body ; though , like sulphur, 
it has been suspected of containing hydrogen. It was not known by 
the earlier chemists. It was first discovered by Brandt, a chemist of 
Hamburgh, whilst employedi in researches after the philosopher's 
stone ; but the method of obtaining it, remained a secret till it^was a 
second time discovered both by Kunckle and Boyle, in the year 1680. 
^ You see a specimen of phosphorus in this phial ; it is generally 
moulded into small sticks of a yellowish color, as you find it here. 

Caroline. I do not understand in what the discovery consisted : 
there may be a secret method of making an artificial composition ; 
but how can you talk of making a composition which naturally exists ? 

Mrs, B. A body may exist in nature, so closely combined with 
o^er substances, as to elude the observation of chemists, or render 
it extremely difficult to obtain it in its separate state. This is the 
oase with phosphorus, which is so intimately combined with other 
substances, that its existence remained unnoticed tiU Brandt- dis- 
covered tiie means of obtaining.it free from other combinations. It 
is found in all animal substances, and is now chiefly extracted from 

536. What is there which shows that this gas is sometimes formed 
spontaneously in the bowels of the earth ? 

537. By whom was phosphorus discovered ? 

538. What is the appearance of it P. ^ 

539. How is phbsDhoriis obtained i 



Digitized 



by Google 



t 



PBOtPHOEUfU 193 

bones by a ohetnieal process. It exists also in some plants, that bear 
a strong analog^y to animal matter in their chemical composition. 

Enwy. But is it never found in its pure separate state ? 

Mrs, B, Never ; and this is the reason why it remained so long 
undiscovered. 

Phosphorus is eminently combustible ; it melts and takes fire at 
the temperature of one hundred degrees, and absorbs in its combus- 
tion, nearly once and a half its own weight of oxygen. 

Caroline, What 1 will a pound of phosphorus consume a pound 
and a half of oxygen ? 

Mrs. B, So it appears firom accurate experiments. I can show 
you with what violence it combines with oxygen, by burning some 
of it in that gas. We must manage the experiment in the same 
manner as we did the combustion of sulphur. You see I am obliged 
to cut this little bit of phosphorus under water, otherwise there 
would be danger of its taking fire by the heat of my fingers. I 
now put it into the receiver, and kindle it by means of a hot wire. 

Ermty, What a blaze ! I can hardly look at it. I never saw any 
thing so brilliant. Does it not hurt your eyes, Caroline? 

OtroUne, Yes ; but still I cannot help looking at it. A prodi- 
^ lous quantity of oxygen must, indeed, be absorbed, when so much 
ight and caloric are msen^ged ! 

Mrs, B, In the combustion of a pound of phosphorus, a sufficient 
quantity of caloric is set free, to melt upwards of a hundred pounds 
of ice ; this has been computed by direct experiments with the ca- 
lorimeter. 

Enuly, And is the result of this combustion, like that of sulphur, 
an acid ? 

Mrs. B, Yes ; phosphoric acid. And had we duly proportioned 
the phosphorus and the oxygen, they would have been completely 
convertea into phosphoric acid, weighing, together, in this new state, 
exactly the sum of Uieir weights separately. The water would have 
ascended into the receiver, on account of the vacuum formed, and 
would have filled it entirely. In this case, as in the combustion of 
sulphur, the acid vapor formed is absorbed and jcondensed in the 
water of the receiver. . But when this combustion is performed with- 
out any water or moisture being present, the acid then appears in 
the form of concrete whitish flakes, which are, however, (extremely 
ready to melt upon the least admission of moisture. 

EnMy, Does phosphorus, in burning in atmospherical air, pio- 
duce Mke sulphur, a weaker sort of the same acid ? 

Mrs, B, ]No ; but it bums in atmospherical air, nearly at the 
same temperature as in pure oxygen gas ; and it is in both cases so 
strongly disposed to combine with the oxygen, that the combustion 
is penect, and the product similar : only in atmospherical air, being 
less rapidly supplied with oxygen, the process \a performed in a 
slow manner. 

.540. Why was it for a long time undiscovered ? v 

541. At what temperature will it melt and take fire ? 

542. What proportion of oxygen will phosphorus consume, compared 
with its own weight ? 

543. How mucn caloric will the combustion of a pound of phospho- 
rus set firee ? 

544. What is the result of the combustion of phosphorus .' 

12* 
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€ktroHne, Bat is tiiere no metiied of ad^jfAig yiwiipkcmsia » 
slightet tninner, so ss to Ibnn phMphoms soi4? 

A£rs.B. Yes, there is. Wfaea simply ezpomd to the otmospliero, 
phosphorus undergoes a kind of i^w oombustion al an j tempenttuie 
above zero. 

Emify, B not the process in this ease rather aa oxydatioQ duui 
a combination f For if the oxygen is 'too slowly absorbed ibr a 
sensible quantity of light and heat to be disengaged, it is aot a truo 
combustion. 

Mrs, B, The case is not as you suppose ; a Biint light is^mittedy 
Whidi is Tery discernible in thie dark ; but the heat evolred is not 
sufficiently strong to be sensible ; a whitish vapor arises fimm this 
combustion, whidi, jmiting with water, condenses mto liquid phos* 
Iphorus acid. 

CaroUne. Is it not very singular that phosphorus should b«mi at 
ko tow a temperatore in atmospherical air, whilst it does DOt Imm 
in pure oxygen, without the application of heat ? 

Mrs, B. So it at first appears. But this circumstance «eems to 
be owing to the nitrogen pus of the atmosphere. This gas disserves 
small particles of phosphorus, which bem^ \hus minutdy divided 
and disused in the atmospherical air, combines with the oxygen, 
and undergoes this slow combustion. But the same efiect does not 
take place in oxygen gas, because it is not capable of dissolving 
phospnorus ; it is flierefore necessary, in this case, that heat should 
be applied to efi^ that division of particles, which, in the former 
instance, is produced by the nitrogen. 

Emify. I have seen letters written with phosphorus, which are 
invisible by day light, but may be read in the dark by their own 
light. They look as if they were written with fire ; yet they do 
not seem to bum. 

*Mrs, B. But they do really bum ; for it is by their slow combus- 
tion that the light is emitted ; and phosphorus add is the result of 
this combustion. 

Phosphoms is sometimes used as a test to estimate the purity of 
atmospherical air. For this purpose, it is burnt in a graduated tube, 
called an Eudiometer, (fig. 26,) and the proportion of oxygen in the 
air examined is deduced ^om the quantity of air which Fig. 26. 
the phosporus absorbs ; for the phosphorus will absorb Eoiiometer. 
all the oxygen, and the nitrogen alone will remain. 

Emify, And the more oxygen is contained in the at- 
mosnhere, the purer, I suppose, it is esteemed ? 

Mrs, B. Certainly. Phosphoms, when melted, com- 
bines with a great variety of substances. With sulphur, 
it forms a compound so extremely combustible that it 
immediately takes fire on coming in contact with the air. 
It is with this composition that phosphoric matches are 
prepared which kindle ^ soon as they are taken out of 
their case, and are exposed to the air. 

■ — . — •— 

545. Why will phosphorus burn at so low^ temperature in atmos- 
j>herical air, when it does not burn in pure oxygen without the appli- 
cation of heat ? 

546. For what is phosphorus sometimes used P 

547. What instrument is used for this purpose, and how is the puri^ 
of the air ascertained by it .' 

548. How are phosphoric matches made ? 
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Etmhf. I lisv« a lyctt tX ibvM eaiioiM imftAm ; tiiH I i 
served tiiat in yery cold *weaUier, t%ey wiU Acrt taloo <ii» witiiovit 
beinsf previously rnlybed. 

Jmv. jB. By nibbing them yon raise Ibeiar tempenttuw^ for yo* 
know, friction is one of the means of extricating neat. 

Etmig, Win phosphorus^ like snlph^or, oommne with hy«b!ogen 
gas? 

Mrs, B. Yes ; and the componnd ffas which resolts from this 
combination has a fimell still more fetid than the snlphoretted hy-* 
drogen : it resembles that of garlic. 

Tiie phosphorated hydrogen gas has ^is remaj&able peculiarity, 
that it takes fire spontaneously in the atmosphere at any tempenr 
ture. It is thus, probably, that are produced those transient fiames 
or flashes of light, called by the vulgar, WiU'-of -the- Wisp ^ or more 
properly, Ignes-fatm, which are often seen in chuich-yards, and 
places where the putrefactiojis of animal matter exhs^ phosphorus 
and hydrogen gas. 

Carohne. Country people who are so much fiightened by those 
appearances, would soon be reconciled to them if they knew from 
what a simple cause they proceed. 

Mrs, B, There are omer combinations of phosphorus that have 
also very singular properties, particularly that whk^ results fimn 
its union with lime. 

Emily, la there any name to distinguish the combination of two 
substances, like phosphorus and lime, neither of which are oxygen, 
and which cannot therefore produce either an oxyd or an acid ? 

Mrs, B, The names of such combinations are composed £rom 
those of their ingredients, merely by a slight change ki their ter- 
/ninaUon. Thus, the combination of sulphur with nme is called a 
sulphuret, and that of phosphorus, a phosphuret of lir/ie,* This latter 

♦Phosphuret of lime is a very curious substance. To make it, 
take a thin glass tube, 6 or 8 inches long, and less than half an inch 
in diameter; if it is closed at one end, so much the better, but a 
cork virill do. Near the closed end put a piece of phosphorus half 
an inch lon^. Then put in by means of a stick or wire, boldkiff 
the tube horizontally, thirty or forty pieces of newly burned quick 
Jime, about the size of split peas, letting the lowest remain two or 
three inches from the phosphorus. Then stop the other end of the 
tube loosely, and place the part containing the quicklime in a bed 
of charcoal, so contriving it that a candlp or red hot iron can be 
brought under the part where the phosphorus lies. Kindle a fire 
by means of bellows, and heat the lime red . hot, without melting 
the phosphorus, which may be kept cool by a wet rag : when this 
is done, bring the hot iron or candle under the phosphoVus, so as to 
make it pass through the quicklime in the form of vapor. Cork 
up the phosphuret of lime for use. — C. 

549. Will phosphorus combine with hydrogen ? 

550. What remarkable peculiarity has phosphoretted hydrogen gas ? 

551. How is it supposed that the i^nes-fatui are produced? 

552. What is the combination of ^osphorus with lime, called ? 
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compowdd, I was going to say^, has the siDgiilar property of de- 
composing water, merely by bemg thrown into it. It efl^ts this by 
i^)sorbing the oxygen of water, m consequence of which, bubbles 
of hydrogen gas ascend, holding in solution a small quantity of 
phosphorus. 

iMiify. These bubbles then are phosphoretted hydrogen gas? 

Mrs. B, . Yes ; and they produce the singular appearance of a 
flash of fire issuing from water, as the bubbles kindle and detonate 
on the surface of me water, at the instant that they come in contact 
with the atmosphere. 

Caroline, la not this effect nearly similar to that produced by the 
combination of phosphorus and sulphur, or, more properly speak- 
ing, the phosphuret of sulphur ? 

Mrs, B. Yes ; but the phenomenon appears more extraordihary 
in this case, from the presence of water, and from the gaseous form 
of the combustible compound. JBesides, the experiment surprises 
by its great simplicity. You only thr6w a piece of phosphuret of • 
lime into a glass of water, and bubbles of fire wiU immediately 
issue from it. 

Caroline, Cannot we try the experiment ? 

Mrs, B, Very easily ; but we must do it in the open air ; for 
the smell of the phosphoretted hydrogen gas is so extremely fetid, 
that it would be intolerable in the house. But before we leave the 
room, we may produce by another process, some bubbles of the 
same gas, which are much less offensive. 

There is in this little glass retort a solution of potash and water ; 
I add to it a small piece of phosphorus. We must now heat the 
retort over the lamp after having engaged its neck under water — 
you see it begins to boil ; in a few minutes bubbles will appear, 
which take fire and detonate as they issue from the water. 

Caroline, There is one — and another. How curious it is ! — ^But 
I do not understand how this is produced. 

Mrs, B, It is the consequence of a display of affinities too compli- 
cated, I fear, to be made perfectly intelligible to yon at present. 

In a few Words, the reciprocal action of the potash, phosphorus, 
caloric, and water are such, that some of the water is ckeomposed, 
and the hydrogen gas thereby formed caries 0|ff some minute par-' 
tides of phosphorus with which it forms phosphoretted hydrogen 
gas, a compound which spontaneou^y takes fire at almost any 
teinperature. 

Emily. What is that circular ring of smoke which slowly rises 
from each bubble afler its detonation ? 

Mrs, B, It consists of water and phosphoric acid in vapor, which 
are produced by the combustion of hydrogen and phosphorus. 

553. What singular peculiarity has the phosphuret of lime ? 

554. What will be the consequence if a piece of phosphuret of lime 
is thrown into the water ? 

555. Why is it necessary that this experiment be made in the open 
air? 

556. What will be the consequence if phosphorus be added to a solu- 
tion, of potash and water, and the whole heated over a fire ? 
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CARBON. Id7 

CONTERSATION IX. 

Olf CARBOlf. 

Caroline, To-day, Mrs. B., I belike we are to learn the nature 
and properties of carbon. This substance is quite new to me ; 1 
never heard it mentioned before. 

Mrs. B, Not so new as you imagine ; for carbon id nothing 
more than charcoal in a state of purity, that is to say, unmixed witK 
any foreign ingredients. 

Caroline. But charcoal is made by art, Mrs. B., and how can a 
body consisting of one simple substance be fabricated ? 

Mrs. B. You again confound the idea of making a simple body 
with that of separating it from a compound. The chemical process- 
es by which a simple body is obtained in a state of purity, consist 
in unmaking the compound in which it is contained, in order to 
separate from it the simple substance in question. The method by 
which charcoal is usually obtained, is, indeed, commonly called 
making it ; but upon examination, you will find this process to con- 
sist simply in separating it from other substances with which it is 
found combined in nature. 

Carbon forms a considerable part of the solid matter of all organ- 
ized bodies ; but it is most abundant in the vegetable creation, and 
it is chiefly obtained from wood. When the oil and water (which 
are other constituents of vegetable matter) are evaporated, the 
black, porous, brittle substance that remains, is charcoal. 

Caroline. But if heat be applied to the wood in order to evaporate 
the oil and water, will not the temperature of charcoal be raised so 
as to make it bum ? ^nd if it combines with oxygen, can we any 
longer call it pure ? 

Mrs. B. I was going to add, that, in this operation, the air must 
be excluded. 

Caroline. How then can the vapor of oil and water fly off? 

Mrs. B. In order to produce charcoal in its purest state (which 
is, even then, but a less imperfect? sort of carbon,) the operation 
should be performed in an earthen retort. — Heat beinff applied to 
the body of the retort, the evaporable part of the wood will escape 
through its neck, into which no air can penetrate, as long as the 
heated vapor continues to fill it. And if it be wished to collect these 
volatile products of the wood, this can easily be done by introducing 
the neck of the retort into the water bath apparatus, with which you 
are acquainted. But the preparation of common charcoal, such as 
is used in kitchens and manufactures, is performed on a much larger 
scale, and by an easier and less expensive process. 

Emily. I have seen the process of making charcoal. The wood 
is ranged on the ground in a pile of a pyramidical form, with a fire 
underneath ; the whole is then covered with clay, a few holes only 
being left for the circulation of adr. 

667. What is carbon ? 

668. In what consists the chemical process by which a simple body 
is obtained in a state of purity ? 

669. In what is charcoal fbond in most abundance ? 
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Hrf. B. These holeB aiedoeed is aooo is tlie wood is Gddj Hcht- 
ed, so that the ooinb«i8tion is cfaedced, or at least ooDtinttes but in a 
ray imperfect, muiner ; boC Uie heat prodoeed by it is sofficient to 
force out and Tolatiliae, through the ^ff^j eover, iiiost part of the 
mij and watery prindf^es of £e wood^ althoogh 'A cannot reduce it 
to adies. 

Hmhfl Ispvre carbon as Uack as diarood ? 

Mrs. B, Lhe purest carbon we can prepare is so ; bat cnemistt 
hare nerer yet been able to separate it en^rely finooi h3^drogen. Sir 
H. DaTy says, that the most perfect carbon that is prepared by art 
contains about five p^ cent, of hydrog^i ; he is of opmion ^at if 
we couM obtain it quite free frcm foreign ingredi^its, it would be 
metallic, in common with other simple sobst^Dces. 

But there is a form in which <^arcoal appears, HaX I dare say wiQ 
surmise you. This ring, which I wear on my finger, owes its bariL- 
liancy to a anall piece of carbon. 

Carohne. Surely you are jesting, JiiB. B. 

Emiiy. I thought your ring was diamond. 

Mrs. B. It is so. But diamond jp nothing more than carbon in a 
crystallived state. 

EmUy. That is astonishing ! Is it possiUe to see two things ap^ 
parently more difl^rent than diamond and charcoal ? 

Caroline. It is indeed, curious to think that we adorn ourselves 
with jewels of charcoal ! 

Mrs. B. There are many other substances^ consisting chiefly of 
carbon, that are remarkably white. Cotton, tor instance, is almost 
wholly carbon. 

QtroUne. That, I own, I could never have imagined ! But pray, 
Mrs. B., since it is known of what substance diamond and cotton 
are composed, why should they not be manu^tured, or imiuited, 
by some chemical process, which would render them much cheaper^ 
and more plentiful than the present mode of obtaining them ? 

Mrs. B. You might as well, my dear, propose that we should 
make flowers and fruit, nay, perhaps, even animals by a chemical 
process ; for it is known of what these bodies consist, since every 
thing which we are acquainted with in nature is formed from the 
various i^mple substances that we have enumerated. But you *must 
not suppose that a knowledge of the component parts of a body will 
in every case enable us to imitate' it. It is much less difficult to de- 
compose bodies, and discover of what materials they a^re made, than 
it is to recompose them. The first of these processes is called analy^ 
sis, the last, synthesis. When we are able to ascertain the nature of 
a substance by both these methods, so that the result of one confirms 
that of the other, we obtain the most complete knowledge of it that 
we are capable of acquiring. This is the case vnth water, \*ith the 
atmosphere, with most of the oxyds, acids, and neutral salts, and with 

560. How is charcoal in its purest state produced ? 

561. What is the common method of producing charcoal ? 

568. What did Sir H. Davy suppose carbon would be, if free fifom 
foreign ingredients ? 

6^. What does charcoal become on being ciystallized ? 

564. What white substance is there, consisting chiefly <rf carboto ? 

€65. What is to be understood by the terms analysis and synthesis 9^ 
used by chemists ? 
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*muiy otiier oooqpaiMMkk But the moio fompUeoJ^ ewMbioatj^Qon 
of natere, eiem ia the mkeral Iqngdom, «re m ^Heml beyond ovu: 
reach, and any attempt to imitate organized bodies must ever prove 
ftuctleas; theiv fiumatioa is a sed^et yikksk XQSts in ikfi bosom of the 
Creator. You see, therefore, how Vain it ^;^uld be to attempt to 
Biake cotton by ehemical means. But, sorely, we have no reason to 
le^fvet our inability in this insta^ice, when nature has so clearly 
pomted out a method of obtaining- it in perfeeti^ and abiwdance. 

CaroUne, I dM not imagine that the principle of life could be iior 
itated by the aid of chemistry , but it did not appear to me absurd 
to suppose that chemists might attain a perlect imitation of inani'- 
mate- nature. 

Mrs, B. They have succeeded in4his point in a variety of instant 
€68 ; but, as 3roa justly observe, the pnn^iiple of life, or even the 
minute and intim%te organization of the vegetable kingdom, are se- 
crets that have almost entirely eluded the resiearches of phi]p80<- 
phers ; nor do I imafipne that human art will ever be capable of in- 
vestigatingjthem wim complete success. 

Emify, But dian>ond> since it consists of one simple, unorganized 
substance, might be, one would think, perfectly imitable by art. 

Mrs, B, It is smnetimes as much beyond our power to obtain a 
tettpl^ body in a $tate of perfect purity, as it is to imitate a compli- 
cated combination ; f<^ the operation by which nature separates 
bodies are frequentl}^ as inimitable as those which sshe uses for their 
combination. This is the ease with carbon : all the efforts of chen^ 
ists to separate it entirely fh)m other substances have been firuitless, 
and in the purest state in which it can be obtained by ai;t, it still 
retains a portion pf hydrogen, and probably of some other foreign 
ingredients. We are ignorant of the means which nature employs 
to crystallize it. It may probably be the work of ages, to purity, 
arrange, and. unite the particles of carbon in the form of a diamond. 
Here is some charcoal, in the pur^t state we can procure it ; yotl 
«ee that it is a very black, brittle, light, porous substance, entirely 
destitute of either taste or smell. Heat, without air, produces no 
alteration in it, as it is not volatile ; but on the contrary, it invari- 
ably remains at the bottom of the vessel, after all the other parts of 
the vegetables are evaporated. 

Emily. Yet carbon is, no doubt, combustible, since you say that 
charcoal would absorb oxygen, if air were admitted during its pre^- 
ftration. 

paroUne, Unquestionably. Besides, you know, Emily, how much 
^ is used in cooking. But pray, what is the reason that charcoal 
•urns without smoke, whilst a wood fir^ Smokes so much ? 

Mrs. B, Because, in the conversion of wood into charcoal, the 
/olatile particles of the former have been evaporated. 

Carohne, Yet I have frequently seeij charcoal burn with flame ; 
therefore, it must, in that case, contain some hydrogen. 

Mrs, B. You should recollect that charcoal, ec^cially that which 
is used for common purposes, is not perfectly pure. It generally 

566. In what cases is obtained the moit perfect knowledge of the 
natme of compoaad bodies ? 

567. Have means ever been discovered to cryst^liTe carbon ? 

568. What is the reason that charcoal bums Without smoke ? 
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tetaiDS some remaiiiB of the Taiiona other oomponeat puis of ye^ 
etahles, and hydbrogen particularly, which acooonts for the flame m 
questioii. 

Caroline. But what hecomes of the carhon itself during its com- 
bustion? 

Mrs, B. It gradually combines with the oxygen of the atmos- 
phere, in the same way as sulphur and phosphorus, and, like those 
substances, it is converted into a peculiar aad, which flies off in a 
gaseous form. There is this dilference, however, that the acid is 
not, in this instance, as in the two cases just mentioned, a mere 
eondensible vapor, but a permanent elastic fluid, which always^ 
remains in the state of a gas, under any pressure and at any tem- 
perature. The nature of tlus acid was first ascertained by Br. Black, 
of Edinburgh ; and, before the introduction of the new nomencla- 
ture, it was e^e^ fixed air. It is now distingnidied by the more 
appropriate name of carbonic add gas. 

Ermiy. Carbon, then, can be volatilized by burning, though by 
heat alone, no such effect is produced ? 

Mrs. B. Yes ; but then it is no longer simple carbon, but an acid 
of which carbon forms the basis. In this state, carbon retains no 
more appearance of solidity or corporeal form than the basis of any 
other gas. And you may, I think, from this instance, derive a more 
clear idea of the Imsis of the oxyg^en, hydrogen, and nitrogen gases, 
the existence of which, as real bodies, you seem to doubt, b^»use 
they were not to be obtained simply in a solid form. 

Emib/. That is true ; we may conceive the basis of the oxvg^i 
and of the other gases, to be solid, heavy substances, like carbon ; 
but so much expanded by caloric as to become invisible. 

CaroUne. But does not the carbonic acid gas partake of the 
blackness of charcoal ? 

Mrs. B. Not in th^ least. Blackness, you know, does not ap- 
pear to be essential to carbon, and it is pure carbon, and not char- 
coal, that we'^must consider as the basis of carbonic acid. We shall 
make some carbonic acid, and, in order to hasten the process, we 
shall bum the carbonic in oxygen gas. 

Emily. But do you mean, then, to bum diamond ? 

Mrs. B. Charcoal will answer the purpose still better, being 
softer and more easy to inflame ; besides the experiments on dia* 
mond are rathei expensive. 

Caroline. But is it possible to bum diamond ? 

Mrs. B. Yes, it is ; and in order to effect this combustion, noth* 
ing more is required than to apply a suflicient degree of heat, by 
means of the blow-pipe, and of a stream of oxygeii gas. Indeed, it 
is by burning diamond that its chemical nature has been ascertained. 

669. From what does the flame in the burning of charcoal proceed ? 

570. In the combustion of charcoal, what becomes of the carbon ? 

571. What is the gas called formed by the combination of carbon 
and oxygen.=* 

572. Whjr does not carbonic acid gas partake of the blackness of 
•oharcoal, it prepared from that material? 

573. How has the chemical nature of diamonds been ascertained? 
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It has long been known as a^ combustible substance, but it is within 
these few years only that the product of its combustion has been 

SroTcd to be pure carbonic acid. This remarkable discovery is 
ue to Mr. Tennant. 

Now let «s try to make some carbonic acid. Will you, Emily, 
decant some oxygen gas from this large jar into the receiver in 
which we are to bum the carbon ; and I shall introduce this small 
piece of charcoal, with a little lighted tinder, which will be neces- 
sary to give the first impulse to combtistion. 

Emily. I cannot conceive how so small a piece of tinder, and 
that but just lighted, can raise the temperature of the carbon suiR- 
ciently to set fire to it ;i for it can produce scarcely any sensible 
heat, and it hardly touches the carbon. 

Mrs. B. The tinder thus kindled has. only heat enough to begin 
its own combustion, which, however, soon becomes so rapid in the 
oxygen gas, as to raise the temperature of the charcoal sufficiently 
for this to burn likewise, as you see is now the case. 

Emily. I am surprised that the combustion of carbon is not more 
brilliant ; it does not give out near so much light or caloric as phos- 
phorus or sulphur. Yet since it combines with so much oxygen, 
why is not a proportional tiuantity of light and heat disengaged 
from the decomposition of the oxygen gas, and the union of its 
electricity with that of the charcoal ? 

Mrs. B. Is it not surprising that less hght and heat should be 
liberated in this than in almost any other combustion, since the 
oxygen, instead of entering into a solid pr liquid combination-, as it 
does in the phosphoric and sulphuric acids, is employed in forming 
another elastic fluid ; it therefore parts with less of its caloric. 

Emily. True ; and, on second consideration, it appears on the 
contrary, surprising that the oxygen should, in its combination with 
carbon, retain a sufficient portion of caloric to maintain both sub- 
stances in a gaseous state. 

Caroline. We may then judge of the degree of solidity in which 
oxygen is combined in a burnt body, by the quantity of caloric lib- 
erated during its combustion ? 

Mrs. B. Yes ; provided that you take into the account the quan- 
tity of oxygen absorbed by the combustible body, and observe the 
proportions which the caloric bears to it. 

Caroline. But why should the water after the combustion of 
carbon, rise in the receiver, since the gas within it retains an aeri- 
form state ? 

Mrs. B. BecausQ the carbonic acid gas is gradually absorbed 
by the water ; and this effect would be promoted by snaking the 
receiver. 

Emily. ^ The charcoal is now extinguished, though it is not nearly 
consumed ; it has such an extraordinary avidity for oxygen, I sup- 
pose, that the receiver did not contain enough to satisfy the whole. 

Mrs. ^. That is certainly the case ; for if the combustion were 

574. What is the production of their combustion ? 

575. Why is so little light and heat disengaged in the combustion of ^ 
carbon? 

576. Does carbon unite with more than one proportion of oxygen? 

13 



Digitized 



by Google 



I 



142 CARBON. 

perfonned in the exact proportions of 28 parts of carbon to 79 of 
oxygen, both these ingredients would disappear, and 100 parts of 
carbonic acid would be produced. 

Caroline. Carbonic acid must be a very strong acid, since it con • 
tains so great a proportion of oxygen ? 

Mrs. B. That is a very natural inference ; yet it is erroneous. 
For the carbonic is the weakest of all the acids. The strength of 
an acid seems to depend upon the nature of its basis, and its mode 
of combination, as well as upon the proportion of the acidifying 
principle. The same quantity of oxygen that wilt convert some 
lodies into strong acids, wiH only be sufficient simply to oxydate 
others. 

Caroline. Since this ^id is so weak, I think chemists should 
have called it the carbonous, instead of the carbonic acid. 

Endhj. But, I suppose, the carbonous acid is still weaker, and is 
formed by burning carbon in atmospherical air. 

Mrs. 6. It has-been lately discovered, that carbon may bex»n- 
verted into a gas, by uniting with a small proportion of oxygen ; 
but as this gas does not possess any acid properties, it is no more 
than an oxyd ; it is called gaseous oxyd of carbon, 

Caroline. Pray is not carbonic acid a very wholesome gas to 
breathe, as it contains so much oxygen f - 

Mrs.B. On the contrary; it is extremely pernicious. Oxygen, 
when in a state of combination with other substances, loses, in 
almost every instance, its respirable properties, and the salubrious 
effects which it has on the animal economy when in its unconfined 
state. Carbonic acid is not only unfit for respiration, but extremely 
deleterious if taken into the lungs. 

Emily. You know, Caroline, how very unwholesome the fumes- 
of burning charcoal are reckoned. • * 

Caroline. Yes; but to confess the truth, I did not consider that 
a charcoal fire produced carbonic acid gas. — Can this gas be con- 
densed into a liquid ? 

Mrs. B. No ; for, as I told you before, it is a permanent elastic 
fluid. But water can absorb a certain quantity of this gas, and can 
even be impregnated with it, in a very strong degree, by the assist- 
ance of agitjition and pressure, as I am going to show you. I shall 
decant some carbonic acid gas into this bottle, which I fiU first with 
water, in order to exclude the atmospherical air ; the gas is then 
introduced through the water, which you see it displaces, for it vdll 
not mix with it in any quantity, unless strongly agitated, or allowed 
to stand over it for some time. The bottle i»now about half full of 
carbonic acid gas, and the other half is still occupied by the water. 
By corking the bottle, and then violently shakmg it, in thk way, I 
can mix the ^as and water together. Now will you taste it ? 

Emily. It has a distinct acid taste. 

Caroline. Yes, it is sensibly sour, and appears full of little bubbles. 

Mrs. B. It possesses likewise all the other properties of acid, but 

577. On what does the strength of an acid depend ? 
478. Why is not carbonic acid good for respiration, since it eontaini 
a large quantity of oxygen ? 

579. Why are the fumes of burning charcoal reckoned unwhole- 
••rae ? 

580. How can water be impregnated with carbonic gas ? 

581. What is Seltzer founcl to oe, on analysis ^ 
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^ course, in a less degree than the pure carbonic acid ^as, as it is 
80 much diluted by water. This is a kind of artificial Seltzer water. 
By analysing that which was produced by nature, it was found to 
contain scarcely any thing more than common water, impregnated 
with a certain propOTtion of carbonic acid gas. We are therefore 
able to imitate it by mixing those proportions of water and carbonic 
acid. Here, my dear, is an instance in which, by a chemical pro- 
cess, we can exactly copy the operations of nature ; for the ^ortiociai 
Seltzer waters can be made in every respect »milar to those ctf na- 
ture ; in one point, indeed, the former -have an advantage, since they 
may be prepared stronger or weaker, as occasion requires. 

Caroline. I thought I had tasted such water before. But what 
renders it so brisk and sparkling ? 

Mrs. B. This sparkling or effervescence, as it is called, is always 
occasioned by the action of an elastic fluid escaping from a liquid ; 
in the artificial Seltzer water it is produced by the carbonic acid, 
which being lighter than the water in which it was strongly con- 
densed, flies off with great rapidity, the instant the bottle is un- 
corked ; this makes it necessary to drink it immediately. The 
bubbling that took place in this bottle was but trifling, as the water 
was but very slightly impregnated with carbonic acid. It recjuires 
a {particular apparatus to prepare the gaseous artificial mmeral 
waters. 

Emily. If, then, a bottle of "Seltzer water remains Tor any length 
of time uncorked, I suppose it returns to the state of common water? 

Mrs. B. The whole of the carbonic acid gas, or very nearly so, 
will soon disappear : but there is liketvise in Seltzer water, a very 
smaU quantity of soda, and a few other saline or earthy ingredients, 
which will remain in ^he water, though it should be kept uncorked 
for any length of time, 

Orroline. I have often heard of people drinking soda-water. — 
Pray what sort of water is that? 

Mrs. B. It is a kind of artificial Seltzer water, holding in solution 
besides the gaseous apid, a particular saline substance, called soda, 
which imparts to the water certain medicinal qualities. 

Ckiroline. But how can these waters be so wholesome, since car- 
bonic acid is so pernicious ? 

Mrs. B. A gas, we may conceive, thou^ very prejudicial to 
breathe, may be beneficial to the stomach. JBut it woidd be of no 
use to attempt explaining this more fully at present. 

Caroline. Are waters never impregnated with other gases? 

Mrs. B. Yes ; there are several kinds of gaseous waters. I for- 
got to tell you that waters have, for some years past, been prepared, 
impregnated both with oxygen and kydrogeri gases. These are not 
an imitation pf nature, but are altogether obtained by artificial 
m eans. They have been lately used medicinally, particularly on the 
continent, where, I understand they have acquired some reputation. 

Dmify. If I recollect right, Mrs. B., you told us that carbon was 

582. How is the brisk and sparkling appearance in Seltzer water oc- 
casioned ? 

583. What is soda water? 

584. How can these waters be wholesome since carbonic Mid is so 
pernicious? ' 

o85. What other gtseous waters have been prepared, and fot what 
purpose? 
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capable of decomposing water ; the affinity between oxyeen and catf 
h<m must, therefore, be greater than between oxygen and hydrogen. 
. Mrs. B, Yes ; but this is not the case, unless their temperature 
be raised to a certain degree. It is only when carbon is red hot, 
that it is capable of separating the oxygen from the hydrogen 
Thus, if a small quantity of water be thrown on a red hot fire, it 
will increase rather than extinguish the combustion ; for the coals 
of wood, (both of which contain a quantity of carbon,) decompose 
the water, and thus supply the fire both with oxygen and hydrogen, 
gases. If, on the contrary, a large ma^ of water be thrown over 
the fire, the diminution of heat thus produced is such, that the 
combustible matter loses the power of decomposing the water, and 
the fire is extinguished. 

Eimily. I have heard that fire engines sometimes do more harm 
than good, and that they actually increase the fire when they can> 
cot thjrow water enough to extingui^ it. It must be owing, no 
doubt, to the decomposition of the water by the carbon during the 
conflagration. 

Mrs, B. Certainly. — ^The apparatus which you see heie ^fig. 27,) 

Fig. 27. 
Decomitosition of water by Carbon. 



A. Retort containing water.. B. Lamp to heat the wa^er. GC, Porcelain tube 
containing carbon. D. Furnace through which the tube passes. E. Receiver fur 
the gas produced. F. Water bath. 

may be used to exemplify what we have just said. It consists in a 
kind of open furnace, through which a porcelain tube, containing 
charcoal, passes. To one end of the tube is ada'pted a glass retort 
with water in it ; and the other end communicates with a receiver 
placed on the water bath. A lamp being applied to the retort, and 
the water made to boil, the vapor is gradually conveyed through 
the redhot charcoal, by which it is decomposed ; and the hydrogen 
gas, which results from this decomposition, is coUected in the re- 
ceiver. But the hydrogen thus obtained is far from being pure ; it 
retains in solution a minute portion of carbon, and contains also a 
quantity of carbonic acid. This renders it heavier than pure hydro- 
gen gas, and gives it some peculiar properties : it is distinguished 
by the name of carboruUed h/drogen gas. 

587. Why will a small quantity of water thrown upon a fire Inciease 
rather than dinainiih it ? 

588. How would you describe the experiment made by the use of 
fifQfe87? 

589. What is the gas called produced in the experiment ? 
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Caroline, And whence does it obtain the carbonic acid that is 
mixed widi it ? 

Ehdiy. I believe I can answet that question, Caroline. — ^From 
the union of the oxygen (proceeding from the decomposed water) 
with the carbon, which, you know, makes carbonic acid. 

Caroline, True ; I should have recollected that* The product 
of the decomposition of water hy red-hot chatooal, therefore, is 
carbonated hydrogen gas, and carbonic acid gas. 

Mrs. B. You are perfectly right, now. 

Carbon is fi^quently found combined with hydrogen, in a statd 
of solidity, espedally m coals, which owe their combustible nature 
to these two ^pnciples. 

fJmilt/. Is It the hyd^fogen, then, that produces the flame of 
coals ? 

Mrs. B. It is so ; and when all the hydrogen is consumed, the 
carbon continues to bum without flame. jBut again, as I mentioned 
when speaking of ^e gas lights, the hydrogen gas produced by the 
burning of coals, is not pure ; for, during the combustion, particles 
of carbon are successively volatilized with the hydrogen, witn which 
they form what, is called a hydro-carbonat, which ,is the principal 
product of the combustion. 

Carbon is a very bad conductor of heat ; ^ this reason it is em- 
ployed (in conjunction with other ingredients) for coating furnaices, 
and othef chemical apparatus. 

Emiiy, Pray, what is the use of Coating furnaces ? 

Mrs, B, In most cases m which a furnace is used, it is necessary 
to produce and preserve a great degree of heat, for which purpose, 
every possible means are used to prevent the heat from escaping by 
communicating^ with other bodies, and this object is attained by 
coating over me inside of the furnace with a kind of plaster, com- 
posed of materials that are bad conductors of heat. 

Carbon, combined with a small quantity of iron, forms a com- 
pound called plumbago, or black lead, of which pencils are made. 
This substance, agreeably to the noraentelature, is a carburet of 
iron, 

Emily, Why, then, is it called black lead ? 

Mrs. B, It is an ancient name given to it by ignorant people, 
from its shining metallic appearance ; but it is certainly a most 
improper name for it, as there is not a particle of lead in the com 
position. There is only one mine of this mineral, which is in 
Cumberland.* It is supposed to approach as nearly to pure carbon 
as the best prepared charcoal does, as it contains only five parts of 
iron, unadulterated by any other foreign ingredients. There is 
another carburet of iron, m which the iron, though united only to 

* She means in England. Black lead is found in a great variety 
of places in this country. — C, 

590. By what is the flame of burning coals occasioned ? 

591. Why is calrbon used for coating furnaces and other chemical^ 
apparatus i 

592. Of what is black lead made > 

593. Why is it called black lead f 
694. What is steel? 

13* 
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^A extKaaBely mbaU Tpmpot^ktBL of cavh^i «e%ake8 way xeauakabfe 
properties ; this is steel. 

daroHne, Really ; and yet sted m mwsh haider than iron^ 

Mrs, B. Bat carbon is net ductile like koa^ aod therefore m^ 
render the stedl moie brittle, sgid prevent its bendkig so easily. 
Whedier it is that the carbon, by introducing itself into the pores 
of the iron, and, by illin^ them, makes the metal both harder and 
heavier; or whetner this change d^nds upon some «hemical 
cause, I cannot pretend to decm^e. But there is a subsequent 
opepition, by which the hardness of steel is very much increased^ 
which simply consists in heating the steel till it us red-^ot, and then 
plunging it mto cold water. 

Carbon, bemdes the combination just mentioned, enters into the 
composition of a vast number of natural productions ; such, for in-. 
Stance, as all the various kinds of oils, which result from the comr 
bination of carbon, hydrogen, and caloric, in various proportions. 

Emily. 1 thought that carbon, hydrogen, and cadonc, formed, 
carbonated hydrogen gas. 

Mrs. £. That is the case when a small portion of carbonic acid 
gas is held in solution by hydrogen gas. I>ifierent proportions of 
tne same principles^ together with the circumstances of their union, 
produce very different combinations ; of this you will see innumer- 
ably examples. Besides, we are not now talidng of gases, but of 
carbon ac^ hjrdrogen, combined only with a quantity of caloric,, 
sufficient to bripg them to the consistency of oil or. fat. 

Caroline. But oil and &t aire not of the same consistence ? 

Mrs. B. Fat is only congealed oil ; or oil, melted fat. The one 
lequires a little more heat to maintain it in a fluid state than the 
other. Have you never observed the fat of meat turned to oil by 
the caloric it has imbibed from the fire ? 

EmUy. Yet oils in general, as salad-oil, and lamp-oil, do not turn, 
to fat when cold ? 

Mrs. B. Not at the common, temperature of the atmosphere, be. 
cause they, retaiq too nuich caloric to. congeal, at that temperature ,. 
but -if exposed to a sufficient degree of cold, their latent heat is 
extricated, and they become solid, fat substances. Have you never 
seen salad-oil frozen in winter ? 

Emily. Yes ; but it appears to me in that state very different 
from animal fat. 

Mrs, B. The essential constituent parts of either ve^^etable or 
animal oils are the same carbon and hydrogen ; theii; variety arises, 
from the differont proportions of these substances, and from othnr 
accessory ingredients that may be mixed with them. The oil of a 
whale, and the oil of roses, are, in their essential constituent parts, 
the same ; but the, one is impregnated with the offensive particles of 
animal matter, the other with the delicate. perfume of a flower. 

The difference of fixed oiU, and volatile or essential oils, consists, 
also in the various proportions of carbon and hydrogen. Fixed oils 

595. To what is the hardnesa of steel owinff ? 

596. What is the difference between fat and oil ? 

597. What are the essential constituent parts of oil ^ 

596. What is the difference between offensive animal, an4. fitgrai|l^ 
vegetable oil' 
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are those whidi wSl not eyapoirate witboat being decomposed ; tb^ 
is the case with a£[ eoiOBaoQ oik, which contain a greaiter prop<»rtio9 
oi earbon than the essential oils. The essiHitial oils (ipi^ch com- 
prehend the whole class of essences and perfumes) are lighter ; thej 
contain more equal proportions of carbon and hydrogen, and are 
v^atilized or evaporated without beinff decomposed. 

JE^ify. When you say that one kmd of oU will evapOTate, and 
l&e other be decompoeea, you mean, I suppose, by the appliqation 
of heat ? 

Mrs. B. Not neeessai^ily ; for Jthere are oQb that wHl erapcnrat^ 
slowly at the common temperature of the atmosphere ; but fw a 
more rajpid volatilization, or for their decomposition, the assistance 
cf heat is reqniied,* 

Caroline, I shall now remember, I think, that fat and oil are re- 
ally the same substances, both consisting of carbon and hydrogen ; 
that in fixed oite the carbon preponderates, and heat produces a 
decomposition ; while, in essential dls, the proportion of hydrog^ 
is greater, and heat produces a volatiUzation only. 

Emify. I suppose the reason why oil bums so well in lamps, is 
because its two constituents are so combustible ? 

Mrs. B. Certainly ; the combustion of oil is just the same as 
that of a candle : if tallow, it is only oil in a concrete state ; if wax> 
or spermaceti, its chief chemical ingredients are still hydrogen and 
carbon. 

Emiiy. I wonder, then, there shoiild be so great a dlflference be- 
tween tallow and wax ? 

Mrs. B. I must affain repeat, that the same substances, in difier- 
ent proportions, produce results that have sometimes scarcely any 
resemblance to each other. But this is rather a general remark 
that I wish to impress upon your minds, than one which is applica- 
ble to the present case j for tallow and wax are far from being very 
dissimilar ; the chief difference consists in the wax being a purer 
compound of carbon and hydrogen than the tallow, which retains 
more of the gross particles of animal matter. The combustion of a 
candle, and mat of a lamp, both produce water and carbomc acid 
gas. Can you tell me how these are formed ? 

Emily. Let me reflect .... Both the candle and lamp bum by 
means of fixed oil — ^thi^ is decomposed as the combustion goes on, 
and the constituent parts of the oil being thus separated, the carboni 
unites with a portion of oxygen from the atmosphere to form carbo- 
nic acid gas, whilst the hydrogen combines with another portion of 

* The volatile or essential oils evaporate when exposed to the air. 
Hence the odor which oil of lavender, peppermint, &c. give out. 
The animal oils, and what are called expressed oils, as that of castor, 
&c. do not evaporate. Hence a good test of the purity of essential 
oil, is, to let a drop fall on paper. If a grease-spot remains after a 
few minutes, it is adulterated with some fixed oil. — C. 

599. What are fixed oUs ? 

600. What are essential oils ? 

601. Why will oil bum so well in. lamps? 

602. In what does the difference between tallow and wax consutf 

603. How may the adulteration of volatile oil h^ detected ? 

604. What are the products of the combustion of oils ? 
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oxjgen and forms with it water. — ^The products, therefore, of the 
combustion of oils, are water, and carbonic acid gas. 

Caroline, But we see neither water nor carbonic acid produced 
by the combustion of a candle. 

Mrs, B, The carbonic acid gas, you know, is invisible, and the 
water being in a state of vapor is so likewise. Emily is perfectly 
correct in her explanation, and I am very much pleased with it. 

All the vegetable acids consist of various proportions of carbon 
and hydrogen, acidified by oxygen. Gums, sugar, and starch, are 
likewise composed of these ingr«jiients ; but, as the oxygen which 
they contain is not sufficient to convert them into acids, they are 
classed with the oxyds, and called vegetable oxyd. 

Caroline. I am extremely deU^hted with all these new ideas ; 
but, at die same time, I cannot hdp being apprehensive that I may 
forget many of them. 

Mrs, B, I would advise you to take notes, or, what would answer 
better still, to write down, after every lesson, as much of it as you 
can recollect. And, in order to ^ive you a' little assistance, I shall 
lend you the heads or index, which I occasionally consult for the 
sake of preserving some method and arrangement in these conver- 
sations. Unless you foUow some such plan, you cannot expect to 
retain nearly all that you learn, how great soever be the impression 
it may make on you at first. 

Ernitu. I will certainly follow your advice. Hitherto I have 
found that I recpUected pietty weU> what you have taught us ; but 
the history of carbon is a more extensive subject than any of the 
simple bodies we have yet examined. 

Mrs. B, I have little more to say en carbon at present ; but 
hereafter yoxk will see that it performs a considerable part in chem- 
ical operations. 

Caroline, That is, I suppose, owing to it» entering into the com- 
position of so great a variety of substances ? 

Mrs. B. Certainly ; it is the basis, as you have- seen^ of aU 
vegetable matter ; and you will find that it is very essential to the 
process of animalization. But in the miners^ kingdom, also, par- 
ticularly jn its form of carbonic acid, we shall discover it combined 
with a great variety of substances. 

In chemical operations, carbon is particularly useful, from its very 
great attraction for oxygen, as it will absorb this substance from 
many oxygenated or burnt bodies, and thus de-oxygenate, or unburn 
them, and restore them to their original? combustible state. 

Caroline. I do not understand how a body can be unbumt, and 
restored to its original state. This piece of tinder, for instance, 
that has been burnt, if by any means oxygen were extracted from 
it, would not be restored to its former state of linen ; for its texture 
is destroyed by burning, and that must be the case with all organ- 
ized or manuKtctured substances, as you observed in a former con- 
versation. 

Mrs. B. A compound body is decomposed by combustion in a way 
which generally precludes the possibility of restoring it to its former 
state; the oxygen, for instance, does not become fixed in the tinder 

605. Of what do the vegetable acids consist '' 

606. How. does carbon restore ozydated substances to their conibu»^ 
tihkffUte' 
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bat it <<tombine8 widi its volatile parts, and fli^s off in the shape of 
gas or watery vapor. You see, therefore, how vain it would he to 
attempt the recomposition of such bodies. - But, with regard to 
simple bodies, or at least bodies whose component parts are not dis* 
t orbed by the j)roces8 of oxygenation or de-oxygenation, it is often 
possible to restore them, after combustion, to their original state. 
The metals, for instance, undergo no other alteration by combustion 
than a combination with oxygen ; therefore, when the oxygen is 
taken from them, they return to their pure metallic state. But I 
shall say nothing further of this at present, as the metals will furnish 
ample subject for another morning ; and ihey are the class of sim- 
ple bodies that come next under consideration. 



CONVERSATION X. 

ON METALS. 

. Mrs, B, The metals, which we are now to examine, are bodies 
of a very diflferent nature from those which we have hitherto con- 
sidered. They do not, like the bases of gases, elude the observa- 
tion of our senses ; for, they are the most brilliant, the most pon- 
derous, and the most palpable substances in nature. 

CaroUne, I doubt, however, whether the metals will appear to us 
so interesting, and give us so much entertainment, as those myste- 
rious elements whidi conceal themselves from our view. Besides, 
they cannot afford so much novelty : they are bodies with which we 
are already so well acquainted. 

Mrs. B. You are not aware, my dear, of the interesting discove- 
ries which were a few years ago made by Sir H. Davy, respecting 
this class of bodies. By the aid of the Voltaic battery , he has obtained 
from a variety of substances, metals before unknown, the properties 
of which £tre equally new and curious. We shall begin, however, by 
acting those metals with which you profess to be so well acquaint- 
ed. But the acquaintance, you will soon perceive, is but very super- 
ficial, and I trust you will find both novelty and entertainment in 
considering the metals in a chemical point of view. To treat of this 
subject fully, would require a whole course of lectures ; for metals 
form of themselves, a most important branch of practical chemistry, 
We must, therefore, confine ourselves to a general view of them. 
These bodies are seldom found naturally in their metallic form : they 
are generally more or less oxygenated, or combined with sulphur, 
vearths, or acids, and are often blended with each other. They are 
found buried in the bowels of the earth in most parts of the world, 
but chiefiy in mountainous districts, where the surface of the glob§ 
has been disturbed by earUM|uakes, volcanoes, and other convu£ions 
of nature. They are spread m strata or beds, called veins, a^d these 
veins are composed of a certain quanti^ of metal, oombined with 

' ■ ' — ' " ■' H I ■ P' 

607. What alteration do metals undergo from combustion ? 

608. What is the subject of this conversaAioii ? 

609. Are metals generally feqad in their pure me^aUifi 'state i 

610. In what «t«ite are tliey usiially found to exist? 
(511. In what places are they chiefly discoTere4 ^ 
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various earthy substances, with which they fonn minerals of differ- 
ent nature and appearance, which are called ores. 

Caroline. I now feel quite at home, for my father has a lead mine 
in Yorkshire, and I have heard a great deal about veins of ore, and 
of the roasting and smelting of lead ; but, I confess that I do not 
imderstand in what these operations consist. 
, Mrs, B, Roasting^ is the process by which the volatile .parts of 
the ore are evaporated ; smelting, that by which the pure metal is 
afterwards separated from the earthy remains of the ore. This is 
done bv throwing the whole into a furnace, and mixing it with cer- 
tain -substances that will combine with the earthy parts and other 
foreign ingredients of the ore ; the metal being the heaviest, falls 
to the bottom, and runs out by proper openings, in its pure metallic 
state. 

Emily. You told us in a preceding lesson, that metals had a great 
afl^iity for oxygen. Do they not, therefore, combine with oxygen, 
when strongly heated in the furnace, and run out in the state of 
oxyds? 

Mrs. B. No ; for the scoriae, or oxyd, which soon forms on the 
surface of the fused metal when it is oxydable, prevents the air 
from having any further influence on the mass ; so tfiat neither 
combustion nor oxygenation can take place. 

Caroline. Are all the metals equally combustible ? 

Mrs. B. No; their attraction for oxygen varies extremely. 
There are some that will combine with it only at a very high tem- 
perature, or by the assistance of acids ; whilst there are others that 
oxydate spontaneously, and with great rapidity, even at the lowest 
temperature ; such is, in particular, manganese, which scarcely 
ever exists in the metallic state, as it immediately absorbs oxygen 
on being exposed to the air, and crumbles to an oxyd in the course 
of a few hours. 

Emily, b not that the oxyd from which you extracted the oxy- 
gen gas? 

Mrs. B. It is r so that, you see, this metal attracts oxygen at a 
low temperature, and parts with it when strongly heated. 

Emily. Is there any other metal that oxydates at the temperature 
of the atmosphere ? 

Mrs. B. They all do; more or less, excepting gold, silver, and 
platina. 

Copper, lead, and iron, oxydate slowly in the air, and cover them- 
selves with a sort of rust, a process which depends on the gradual 
conversion of the surface into an oxyd. This rusty surface pre- 
serves the interior metal from oxydation, as it prevents the air nrom 
coming in contact with it. Strictly speaking, however, the word 
rust applies only to the oxyd, which forms on the surface of iron, 
when exposed to air and moisture, which oxyd appears to be united 
with a small portion of carbonic acid. 

612. ilow are they refined ? 

613. What prevents the combustion and oxygenation of metals, when 
|a a state of fusion ? 

614. Ave all metals equally combustible ? ' 

615. To vihsX is their difference in this respect owing } 

616. Do metals oxvdate on beiu^ exoosed to the air ? 

617. By what is the rust occasionea that takes place on copper and 
iron? 
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EmUy, When metals oxydate from the atmosphete without an 
elevation of temperature, some light and heat, I suppose^ must be 
disengaged, though not in sufficient quantities to be sensible. 

Mrs, B. Undoubtedly ; and, indeed, it is not surprising that, in 
this case, the light^and heat should not be sensible, when you con- 
sider how extremely slow, and, indeed, how imperfectly, most met- 
als oxydate by mere exposure to the atmosphere. For the quantity 
of oxygen with which metals are capable of combining, generally 
depends upon their temperature ; and the absorption stops at van- 
ous points of o3cydation, according U> the degree to which their tem- 
perature is raised. 

Emily. That seems very natural ; for the greater the quantity of 
caloric introduced into a metal, the more will its positive electncity 
be exalted, and consequently the stronger will be its affinity for ox- 
ygen. 

Mrs, B, Certainly. When the metal oxygenates with sufficient 
rapidity for light and heat to become sensible, combustion actually 
takes place. But this happens only at very high temperatures, 
and the product is nevertheless an oxyd ; for though, as 1 have just 
said, metals will combine with different proportions of oxygen, yet 
with the exception of only five of them, they are not susceptible of 
acidification. 

Metals chang^e color during the different degrees of oxydation 
which they undergo. Lead, when heated in contact with the at- 
mosphere, first bc^mes gray ; if its temperature be then raised, it 
turns yellow, and a still stronger heat changes it to )?ed. And it is 
even capable of a stronger degree of oxydation, in which the oxyd 
is jmce. colored. Iron becomes successively a green, brown and 
wnite oxyd. Copper changes from brown to blue, and lastly green. 

Emily. Pray, is the white lead with which houses are painted, 
prepared by oxydating lead ? 

Mrs. B. Not merely by oxydating, but by being also united with 
carbonic acid. It is a carbonat of lead. The mere oxyd of lead is 
called red lead. Litharge is another oxyd of lead, containing less 
oxygen. Almost all the metallic oxyds are used as paints. The 
various sorts of ochres consist chiefly of iron more or less oxydated. 
And it is a remarkable circumstance, that if you bum metals rapid- 
ly, the light or flame they emit during combustion partakes of the 
colors which the oxyd successively assumes. 

Caroline. How is that accounted for, Mrs. B., since light does 
not proceed from thu burning body, but from the decomposition of 
the oxygen gas ? ^ 

Mrs. B. The correspondence of the color of the light, with that 
of the oxyd which emits it, is, in all probability, owing to some par- 
ticles of the metal which are volatilized and carried off by the caloric. 

618. Are light and heat disengaged- when metals oxydate from^ the 
atmosphere, without an elevation of temperature ? 

619. Why are thoy not perceived ? 

620. What changes of color do lead, iron, and copper undergo during 
their different degrees of oxydation? 

62]r. How is common white lead obtained? 

622. For what purpose are most of the metallic oxyds used ? 

623. How are yellow paints or ochres obtained, or of what are they 
compoaed ? 
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OBoroime, It is then a Bort c^ metallic gas. 
Emity, Why is it reckoned so unwhofesome to hreethe the aiz f 
a place where metals are melting ? 

Mrs, B. Perhaps the notion is too generally entertained. Bat it 
is true with respect to lead, and some other noxious metals, hecause 
unless care be taken, the particles of the oxyd which are volatiliised 
by the heat are inhaled with the breath, and may produce dangerous 
eflects. 

Fig. 28^ I must show you some 

instances of the combus- 
tion of metals; it would re- 
quire the heat of a furnace 
to make them bum in the 
common air, but if we 
supply them with a stream 
of oxygen gas, we may 
easily accomplish it. 

Caroline. It will still, i 
suppose, be necessary in 
some degree to raise their 
temperature ? 

Mrs. B. This, as you 
shall see, is very easily 
done, particularly if the 
experiment be tried upon 
a small scale. I begin by 
lighting this piece of chaj> 
coal with the candle, and 
then increase the rapidity 
of its combu}»tion by blow- 
ing upon it with a blow^ 
pipe. (Fig. 28, No. 1.) 

Emily. That I do not 
understand ; for it is not 
every kind of air, but 
merely oxygen gas, that 
produces combustion. — 
Now you said that in 
breathing we inspired, but 
did not expire oxygen gas. 
— Why, therefore, should 
the air which you breathe 
through the blow-pipe 
promote the combustion 
Apparatus for the combustion of metals by means of the charcoal ? 
of oxygen gas. No. I. Igniting charcoal with a ta- Mr^ P Rpoaik^p tliA 
per and blow-pipe. No. 2. Combustion of metals . ^^^'. X' x. ^^^f^ "*® 
by means of a blow-pipe conveying a stream of 2Hr wnicn has DUt once 
oxygen ga^ from a gas-holder. passed through the lungS, 

is yet but little altered, a small portion only of its oxygen 
being destroyed ; so that a great deal more is gained by inoreaa- 
ing the rapidity of the current, by means of tlie blow-pipe, than 

624. Why is it reckoned unwholesome to breathe thie air of a place 
in which metals are melting ? 
G25 What g^a produces combostion ' 
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Is lost in conseqaence of ^e air passing once through the longs, as 
you shall isee— 

Emily, Yeis, indeed, it makes the charcoal hum much brighter. 

Mrs. B, Whilst it is red hot, I shall drop some iron fiUngs on 
it, and supply them with a current of oxygen gas, by means of this 
apparatus, (Fig. 28, No. 2,) which consists simply of a closed tin 
cylindrical vessel, full of oxygen gas, with two apertures and stop- 
cocks, by one of which a stream of water is thrown into the vessel 
through a long funnel, whilst by the other, the gas is forced out 
through a blow-pipe adapted to it, as the water gains admittance. 
Now that I pour water into the funnel, you may hear the gas issu- 
ing from the blow-pipe. T bring the charcoal close to the current, 
and drop the filings upon it — 

Caroline, They emit much the same vivid light as the combus- 
tion of the iron wire in oxygen gas. 

Mrs, B, The process is, in fact, the same ; there is only some 
difi^rence in the mode of conducting it. Let us burn some tin in 
the sanie manner — ^you see that it is equally combustible. Let us 
now try some copper — 

Caroline, This bums with a greenish flame ^ it is, I suppose, 
owing to the color of the oxyd ? 

Emily, Pray, shall we not also bum some gold ? 

Mrs, B. That is not in our power, at least, in this way. Gold, 
«iiver, and platina, are incapable of being oxydated by the greatest 
heat that we can procure by the common method. It is from this 
circumstance, that they have been called perfect metals. Even 
these, however, have -an afllnity for oxygen ; but their oxydations 
or combustion can be performed only by means of acids, or by 
electricity. 

The spark given Out by the Voltaic battery produces at the point 
of contact, a greater degree of heat than any other process f and 
it is at this very hi^h temperature only that the affinity of these 
metals for oxygen will enable them to act on each other. 

I am sorry that I cannot show you the combustion of the perfect 
metals by this process, but it requires a considerable Voltaic battery. 
You will see these experiments performed in the lAost perfect man- 
ner, when you attend the chemical lectures of the Royal Institution. 
But in the mean time I can, without difliculty, show you an ingen- 
ious apparatus lately contrived for the purpose of producing intense 
heats, the power of which nearly equals that of the largest Voltaic 
batteries. It simply consists, you see, in a strong box, made of 
iron or copper, (Fig. 29,) to which may be adapted the air sjrringe 
or condensing pump, and a stop-cock, terminating in a small orifice 
similar to that of a blow-pipe. By working the condensing sjnringe 
up and down in this mannei*, a quantity of air is accdmulated in the 
vessel, which may be increased to almost any extent, so that, if we 
now turn the stop-cock, the condensed air will rash out, forming a 
jet of considerable force ; and if we place the flame of a lamp in 
the current, you will see how violently the flame is driven in that 

direction. 

•I . — * 

026. What is represented by figure 28 ?_ 

G37. What metals have been called perfect ? 

628. Why have they been thus called ? 

«B9. What is represented by figure 29 ? 
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A, the reservoir of coodensed air. B, the coadensfng gyringe. 
C, the bladder for oxygen. D, the moveable jet. 

f Carohne, It seems to be exactly the same eSbct as that of a 
blow-pipe worked by the mouth, only much «tron^er. 

JEhmlv, Yes ; and the kistrument has this additional adyantage, 
that it does not fatigue the mouth and lungs like the common blow- 
pipe, and requires no ait in blowing. 

Mrs. B, Unquestionably; but yet this blow-pipe would be of 
very limited utility, if its wiergy and power couM not be greatly 
increased by some other contrivance. Can you imagine any mode 
of producing such an effect ? 

Emily, Could not the reservoir be charged with pure oxygen in- 
stead of common air, as in the case of the gas-holder. 

Mrs, B, Undoubtedly ; this is precisely the contritance I allude 
to. The vessel need only be supplied With air from a bladder full 
•f oxygen, instead of the air of the room, and this, you see, may 
be easuy done by screwing the bladder on the upper part of th^ 
syringe, so that m workiftg the syringe the oxygen gas i» forced 
from the bladder into the condensiQg vessel. 

Cdroline, With the aid of this small apparatus, therefore, we 
oould obtain the same effects as those we have just produced with 
the gas-holder, by means of a column of water forcing the gas oat 
•f it. 

Mrs, B. Yes ; and much more conveniently so. But there is a 
mode of using this apparatus, by which more powerful effects still 
may be obtained. It consists in condensing in the reservoir, not 
•xygen alone, but a mixture of oxygen and hydrogen inthe exact 
f loportion in which they unite to produce water ; and then kindle 

630. How could the reseryoir in that figure be supped with pure 
•zyMn? i 

631. How is the most Intense heat produced ? 



Digitized 



by Google 



UtAJBA. itS^ 



tiie ietfimiMdliTtii&iimttdgaflea. The hMik dtBaagoged bj tiiis 
cwihwftinny witbcHit the help of any kmp, is probablj the) roMk 
intense known ; and vanous efiects are sdd to luura been ohCaaia^- 
fipom it iHueh exceed all expeetaioii. 

Ccaroline. Bot ^riij should we not ^ this e!]q>erimettt ^ 

jyfrf. £. Bectfuse it is not exempt from dancer ; * the comhixs- 
tieii {[notwithstanding yarious conteiyaneas wfaii^ nave been xesovte^ 
to wnh a yiew to prevent accident) being apt to penetrate int» ik» 
inside of the vessel, and to produce a dangerous and violent ex^^ 
eion. We shall, therefore, now proceed to our subject. 

Caroline. I think you said the oxyds of metals cou^ld be lestove^ 
to their metallic state f 

Mrs. B. Yes ; this operation is called reviving a metal. Meta]s> 
are in general capaUe of being revived by charcoal, when heated 
red hot, charcoal having a greater attraction for osygen thaa thi&, 
metals. You need only, therefore, decompose, or unburn the ox^d 
by depriving ^t of its oxygen and t^^ metal will be restored te ite 
pure state. 

Emibf. But'wiU the carbon, by this process, be burnt, and bft 
c onv e r t ed into carbonic acid? 

Mrs. B^ Certainl5[. There are other combustible substances to 
which metals of a hi^h temperature will part with their oxyffea. 
They vnll also yield it to each other, according to their several de- 
grees of attraction for it ; and if the oxygen goes into a more dense 
etate in the metals which it enters, than it existed in that which it 
quits, a proportional disengagement of caloric will take place. 

jOarohifj^ And cannot thi oxyds of gpld, silver, and platias^ 
which axe formed by means of acids or of the electric fluid, be te- 
stored to their metallic state ? 

Mrs. B. Yes, they may, and the intervention of a combustible 
body is not required ; heat alone xnH take the oxygen firom them, 
eonvert it into gas, and revive the metal. 

Emxty. You said that rust was an oxyd of iron ; how is it, thei^ 
that water, or merely dampness, produces it, which you know, it 
very frequently does on steel grates, or any iron instruments ? 

* Hydrogen and oxygen may be burned together with the most 
perfect sa£ty by means of the c&rnpound blow-pipe, an inetrumenlr 
invented by Prof. Hare, of PhiladeipMa. Instead of mixing the 
gfases in the same reservoir, they axe kept separate until they meet 
at the point of combustion. An account of this blow-pipe is given 
foy Prof. Silliman) in his edition of Henrj^'s chemistry, together with 
a list of expenment^ made with it on various substances. Tbn was 
the first notice of any experiment made by burning the twe gases 
together, for the purpose of obtaining an intense heat.— C. 

632. Hoio may #z^en ami &yi{r0^ef» d« ktra^d to^etA^ tme& 5^^^f 

633. What is called reviving a metal ? 

634. By whkt are metals revived? 

635. What efifect is produced on the carbon which is used to revive, 
« metal ? 

636. Can the oxyds of the perfect metals be restored to their metallie 
state? 

637. By what means? 



Digitized 



by Google 



156 MKTAL9. 

Mrs, B. In that case the metal decomposes the water j or damp« 
ness (which. is nothing hut water in a state of vapor,) and obtains 
the oxygen fi*om it. 

Caroline, 1 thought that it was necessary to bring metals to a 
very high temperature to enable them to decompose water. 

Mrs, B, It is so, if it is required that the process should be 
performed rapidly, and if any considerable quantity is to be decom- 
posed. Rust, you Know, is sometimes mon^s in forming, and then 
It is only the surface of the metal that is oxydated. 

Emihf. Metals, then, that do not rust, are incapable of spontane- 
ous oxydation, either by air or water ? 

Mrs, B, Yes ; and this is the case with the perfect metals, which 
on that account, preserve their metallic lustre so well. 

Emily, Are all metals capable of decomposing water, provided 
their teinperature be sufficiently raised ? 

Mrs. B, No ; a certain degree of attraction is requisite, besides 
the assistance of heat. Water, you recollect, is ccmiposed of oxy- 
gen and hydrogen ; and, unless the affinity of the metal for oxygen 
Be stronger than that of the hydrogen, it is in vain that we raise its 
temperature, for it cannot take the oxygen from the hydrogen.— 
Iron, zinc, tin, and antimony, have a stronger affinity for oxygen 
than hydrogen has, therefore these four metals are capable of 
decomposing water. But hydrogen, having an advantage over all 
the othei metals with respect to its affinity for oxygen, it not only 
withholds its oxygen from them, but is even capable, under certain 
circumstances, of taking the oxygen from the oxyds of these 
metals. 

Emily. I confess that I do not quite understand why hydrogen 
can take oxygen from those metals which do not decompose water. 

Caroline. Now I think I do perfectly. Lead, for instance, will 
not decompose water, because it has not so strong an attraction for 
oxygen as hydrogen has. Well, then, suppose the lead to be in a 
state of oxyd ; hydrogen will take the oxyd from the lead, and 
unite with it to form wat^r, because hydrogen has a stronger at- 
triaction than oxygen has for lead, and it is the same with all the 
other metals, which do not decompose water. 

Emily.- I understand your explanation,. Caroline, very well ; and 
I imagine that it is because lead cannot decompose water that it is 
80 much employed for pipes for conveying that fluid. ^ 

Mrs, B. Certainly ; lead is, on that account, particularly appro- 
priate to such purposes; whilst, on the contrary, this metal, if ft 
was oxydable by water, would impart to it very noxious qualities, 
as all oxyds of lead are more or less pernicious. 

* Lead is capable of decomposing water, and when suffered to 
stand long in a vessel of this metal, it becomes poisonous. .Wh^i 
used merely to convey water, there is but little dangOT.— O. 

638. If rust is A oxyd of iron, why is it that water or dampness 
causes it ? 

639. Do the metals ozydate on beinff exposed to the air ? 

640. Why will not the perfect metals rust ? 

641. What metals are capable of decomposing water? 
643. Why cannot all metals decompose water ? 
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But with re^fard to the-oxydation of metals, the most powerful 
mode of efleetmg^ it is by meaii« of acids. These, yoa know, eoft- 
Cain a much greater proportion of o^gen than either air or water ; 
and will, most of them, easily 3rield it to metals. 

Thus, you reeollect, the ziite plates of the Yoltaie battery are oxy-' 
dated by the acid and water, mtu^h more effectually than by water 
alone. 

CaroHne, And I have often obseryed that if I drop vinegar, lem- 
on, or any add on the Made of a knife, or on a pair of scissors, it 
will immediately produce a spot of rust. 

Brnibf, Metals nave, then, three wajrs of obtaining oxygen ; ftom. 
the atmosphere, from water, and from acids. 

Mrs, B. The first two you have already witnessed ; and I shall 
now show you how metab take the oxygen from an acid. This 
bottle contains nitric acid ; I shall pour some of it over this piece 
of copper leaf. 

Caroline. Oh, what a disagreeable smell ! 

Emily. And what is it that produces the effervescence, and that 
thick yellow vapor ? 

Mrs. B. It iB the acid, which, being abandoned by the greatest 
part of its oxygen, is converted into a weaker acid, which escapes 
in the form of gas. 

Caroline. And whence proceeds this heat ? 

Mrs. B. Indeed, Carolme, I thihk you might now be able to an- 
swer that question yourself. 

Caroline. Perhaps it is that the oxygen enters into the metal in 
a more solid state than it existed in the acid, in consequence of which 
caloric is disengaged. 

Mrs. B. J£ &e combination of the ox^rgen and the metal results 
from the union of their opposite electricities, of course caloric must 
be ffiven out. 

Emily. The effervescence is over ; therefore I suppose that the 
metal is now oxydated. 

Mrs. B. Yes ; but there is another important connexion between 
metals and acids, vtdth which I must now make you acquainted. 
Metals, when in a state of oxyds, are capable of beme^ dissolved by 
acids. In this operation they enter into a chemical combination 
with the acid, ana form an entirely new compound. 

Caroline, But what difference is there between the oxydtUion and 
jthe dissolution, of the metal by an acid ? 

Mrs. B. In the first place, the metal merely combines with a por- 
tion of oxygen taken from the acid, which is thus partly deoxygen- 
ated, as in the instance you have lust seen ; in the second case the 
metsd, after being previously oxydated, is actually dissolved in the 

643. What is the most powerful mode of oxy dating metals ? 

644. From what do metals obtain ozy^n P 

645. When a metal dissolves an acid, what causes the eflferves- 
cence? 

646. To what is the .heat owinff when a metal is dissolved in acid ? 

647. What state must a. metal be in before it can be dissolved by an 
acid ? 

648. How can a metal then be dissolved ? 

649. What is the difference between the oxydation and the dissolu- 
tion of a metal by an acid .' 

U* 
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add, and enters into a chemical combination with it, without pro-^ 
dndng any further decomposition or efferrescence. This complete 
combination of an oxyd and an acid forms a peculiar and important 
class of compound salts. 

JSmify, The difference between an oxyd and a compound salt, 
therefore, is very obyious ; the one conmsts of a metal and oxygen, 
the other of an oxyd and an acid. 

Mrs, B. Very well ; and you willbe careful to remember that 
the metals are incapable of entering into this combination with 
acids, unless they are previously oxydated ; therefore, whenever 
you bring a metal in contact with in acid, it will be first oxydated, 
and afterwards dissolved, provided there be a sufficient quantity of 
acid for both operations. 

, There are some metals, however, whose solution is more easily 
accomplished by diluting the acid in water ; and the metal will, in this 
case, be oxydated, not by the acid, but by the water, which it will 
decompose. But in proportion as the oxygen of the water oxydates 
the sumce of the metal, the acid combines with it, washes it off, and 
leaves a fresh surface for the oxygen to act upon ; then other coats 
of oxyd are successively formed, and rapidly dissolved by the acid, 
which continues combining with the new formed surfaces of oxyd 
till the whole of the metal is dissolved. During this process, the 
hydrogen gas of the water is disengage ^ and flies off wilJi efferves^ 



JSmHy. Was not this the manner in which the sulphuric acid as^ 
sisted the iron filings in decomposing water ? 

Mrs. B. Exactly ; and it is thus that several metals, which are 
incapable alone of decomposing water, are enabled to do it by the 
assistance of an acid, which, by continually washing off the cover- 
ing of oxyd, as it is formed, prepares a fresh surface of metal to act 
upon the water. , 

CearoivHe. The acid here seems to act a part not very different 
from that of a scrubbing brush. But pray, would not this be a good 
method of cleansing metallic utensils ? 

Mrs, B, Yes ; on some occasions a jyeak acid, as vinegar, is used 
for cleaning copper. Iron plates, too, are freed from the rust on 
their surface by diluted muriatic acid, previous to their being cov- 
ered with tin. You must remember, however, that in this mode of 
cleaning metals, the acid should be qmckly afterwards wiped off, 
otherwise it will produce fresh oxyd. 

Caroline, Let us watch the dissolution of the coppfer in the nitric 
acid ; for I am very impatient to see the salt that is to return from 
it. The mixtnre is now of a beautiful blue color ; but there is no 
appearance of the formation of a salt ; it seems to be a tedious ope- 
ration. 

Mrs, B. The crystallization of the salt requires some length of 
time to be completed; if, however, you are too impatient, I can 
easily show you a metallic salt already formed. 

Caroline, But that would not satisfy my curiosity half so well as 
one oC our own manufacturing. 

Mrs, B. It is one of our own preparing that I mean to show you. 
When we decomposed water a few days since, by the oxydation of 

6d0. What is the difiwence between a compound salt and an oxyd ^ 
651. Why are acids good in cleaning rust from metals ? 
653. What caution is necestary in cleaning metals b? acids? 
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iron filings through the assistance of sulphuric acid^ in what did the. 
process consist ? 

Caroline, In proportion as the water yielded its oinrgen to the 
iron, the acid combined with the new formed oxyd, and me hydro- 
gen escaped alone. 

Mrs. B. Very well ; the result, therefore, was a compound salt^ 
formed by the combination of sulphuric add with oxygen of iron. 
It still remsQns in the vessel in which the experiment was perform- 
ed. Fetch it, and we shall examine it. 

Emihf, What a variety of processes the decomposition of water, 
by a metal and an acid, implies ; 1st, the decomposition of the wa- 
ter ; Sdly, the oxydation of the metal ; and 3dly, the formation of 
a compound salt. 

Caroline. Here it is, Mrs. B. What beautiful green crystals ! 
But we do not perceive any crystals in the solution of copper in ni- 
trous acid. 

Mrs. B. Because the salt is now suspended in the water which 
the nitrous acid contains, and will remain so till it is deposited, in 
consequence of rest and cooling. 

JEnub/i I am surprised that a body so opaque as iron can be con- 
verted mto such transpsurent crystals. 

Mrs. B. It is the union with the acid, that produces the transpa- 
rency ; for if the pure metal were melted, and afterwards permitted 
to cool and crystallize, it would be found just as opaque as before. 

Emify. I do not understand the exact meaning of crystallization. 

Mrs. B. You recollect that when a solid body is dissolved, either 
by water or^ caloric, it is not decomposed ; but that its integrant 
parts are only suspended in the solvent. When the solution is made 
m water, the integrant particles of the body will, on the water being 
eiraporated, again unite into a solid mass, by the force of their mu- 
tual attraction. But when the body is dissolved by caloric alone, 
nothing more is necessary, in order to make its particles re-unite, 
than to reduce its temperature. And, in general, if the solvent, 
whether water or caloric, be slowly separated by evaporation, or by 
cooling, and care taken that the particles be not agitated during 
their re-union, they will arrange themselves in regular masses, each 
' individual substance assuming a peculiar form or arrangement ; and 
this is what is called crystall^tion. 

Emily. Crystallization, therefore, is simply the re-union of the 
particles of a solid body which has been dissolved in a fluid.* 

Mrs, B. That is a very good definition of it. But I mnst not 
forget to observe, that heat and water may unite their solvent pow- 
ers, and in this case, crystallization may be hajBtened by cooling, as 
well as by evaporating the liquid. 

Caroline. But if the body dissolved is of a volatile nature, will it 
not evaporate with the fluid ? -« 

* Not exactly, because the particles of the fluid make a part of 
the crystal. Crystallization is that process by which the particles 
of bodies unite to form solids of certain and regular shapes. — C. 

653. What processes does the decomposition of water by a metal and 
an acid imply ? 
()54. What causes crystalHzed iron to be transparent ? 
a. Whaiis crystallization f * 
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Mrs, B. A evystaUned body held in floliitioii only by wnler m 
scarcely ever so volatile as the fluid itself; and care most be takmk 
to manage the heat so that -it may be anfficient to evaporate the 
water only. 

I should not omit also to mention that bodies, in crystallizing from 
their watery solation, always retain a small portion of water, which 
remains confined in the crystal, in a solid form, and does not re- 
wp^9x unless the body loses its crystalline state. This is called the 
tvater of crystallization. But you must observe, that whilst a body 
may be separated from its solution in water or caloric simply by 
cooling or by eva^ration, an acid can be taken from a metal wita 
which it is combined only by stronger afi^ties, which produce a 
decomposition. 

EmUy, Are the perfect metals susceptible of being dissolved and 
converted into compound salts by acids ? 

Mrs, B. Gold is acted upon by only one acid, the oxygenated 
muriatic, a very remarkable acid, which, when it is in its most con- 
centrated state, dissolves gold or any other metal, by burning them 
rapidly. 

Grold can, it is true, be dissolved likewise by a mixture of two 
acids, commonly called a^[ua regia ; but this inixed solvent derives 
that property from containing the peculiar acid which I have just 
mentioned. Platina is also acted upon by ^his acid only ; silver is 
dissolved by nitric acid. 

Caroline, I think you said that some of the metals might be so 
strongly oxydated as to become acid ? 

Mrs, B, There are five metals, arsenic, molybdean, chrome, 
tungsten, and columbium, which are susceptible of combining with 
a sufficient quantity of oxygen to be converted into acids. 

Caroline. Acids are connected with metals in such a variety of 
ways, that I am afraid of some confusion in remembering them. In 
the first place, acids will yield their oxygen to metals. Secondly, 
they will combine with them in their state of oxyds, to form com- 
pound salts ; and lastly, several of the metals are themselves sus- 
ceptible of acidification. 

Mrs, B, Very well ; but though metals have so great an aflinity 
for acids, it is not with that class of bodies alone that they will comr 
bine. They are most of them, in their simple state, capable of 
uniting with sulphur, with phosphorus, with carbon, and. with each 
other; these combinations, according to the nomenclature which 
was explained to you oa a former occasion, are called, sulphurets, 
fhosphorets, carburets, &c. 

The metallic phosphorets oflfer nothing very remarkable. The 
sulphurets form the pecuUar kind of mineral called pyrites, fi*om 
which certain kind of mineral waters, as those of Harrowgate, derive 

655. What is the water of crystallization ? 

656. Are the perfect metals susceptible of being dissolved and con- 
verted into compound salts by acids ? 

657. Can any of the metals combine with so great a quantity of oxy- 
gen as to become acids ? 

658. With what other substances besides acids, will metals com- 
bine ? 

659. What are the combinations of the metals with each other 
called ?- 
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theii chief chemical properties. In this combination, the sulphur, * 
together with the iron, have so strong an attraction for oxygen, that 
they both obtain it from the air and from water, and by condensing 
it in a solid form, produce the heat which raises the temperature of 
the water in such a remarkable degree. 

Emily, But if pyrites obtain oxygen from water, that water must 
suffer a decomposition, and hydrogen gas be evolved. 

Mrs. B: That is actually the case in the hot springs alluded to, 
which give out an extremely fetid gas,*composed of hydrogen, im- 
pregnated with sulphur. 

Caroline. If I recollect right, steel and plumbago, which you 
mentioned in the last lesson, are both carburets of iron. 

Mrs. B. Yes j and they are the only carburets of much conser 
quence. 

A curious combination of metals ha$ lately very much attracted 
the attention of the scientific world : I mean th6 meteoric stones 
which fall from the atmosphere. They consist principally of native 
or pure iron, which is never found in that state in the bowels of the 
earth ; * and contain also a small quantity of nickel and chrome, a 
combination likewise new in the mineral kingdom. 

These circumstances have led many scientific persons to believe 
that those substances have fallen from the moon, or some other 
planet, while others are of opinion either that they are formed in 
the atmosphere, or are projected into it by some unknown voleanoj 
on the surface of our globe. 

Caroline. I have beard much of these stones, but I believe many 
people are of opinion that they are formed oh the surface of the 
earth, and laugh at their pretended c^estial origin. 

Mrs. B. The fact of their falling is so well ascertained that I 
think no person who has at all investigated the subject, can now 
entertain any doubt of it. Specimens of these stones have been dis- 
covered in all parts of the world, and to each of them some tradition 
or story of its fall has been found connected. And as the analysis 
of all those specimens afford precisely the same results, there is 

♦This seems to be a mistake. Several localities of native irouj 
found in veins, are pointed out by authors. In several instances 
large blocks of native iron have been found oii the surface of the 
earth.— One found by Prof. Pallas in Siberia, weighed 1600 lbs* 
Another found in South America, is said to weigh 30,000 lbs., &c. 
These have been suspected to be of meteoric origin, though nothing 
is known which makes this certain. Those stones which are known 
beyolid a doubt to have fallen from the atmosphere, have a very 
dinerent composition. These generally contain the following ingre- 
dients, viz. iron, nickdy chrome^ oxide of iron, sulphur, sHex, Itme, 
magnesia, and alumine. The iron rarely amounts to a quarter of 
the whole. Accounts are recorded of the falling of stones, sulphur, 
&c. in every age since the Christian era, and in almost every part 
of the world .--C. 

toO. What are the most important carburets ? 

661. Of what do the meteoric stones which have attracted so much 
attention from the scientific world, consist? 

662. What opinions b<|ye been entertained as to the orig^ of Uieae 
9tones ? 
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atEOiig leason to conjeelare that they all proceed from, tke feamfl 
sooree. It is to Mr. Howard that philosophers are indebted for 
having first analysed these stones, aod directed their attention to 
this interesting snbjeet. 

Emihj. But pray, Mrs. B., how can solid massea of iroa and 
nickel be formed from the atmosphere, whidi consists of the two 
airs, nitrogen and oxygen ? 

3fr5. B. I really do not see how they could, and think it much 
more probable that they fall from the moon, o^ some other celestial 
body. But we must not suffer this digression to take up too much 
of our time. 

The combinations of metals with each other are called alloys ; * 
thns brass is an alloy of copper and zinc ; bronze of copper and 
tin, &c. 

Emily. And is not pewter also a combination of metal ? 

Mrs. B. It is. The pewter made in this country is mostly com^ 
posed of tin, with a very small proportion of zinc and lead. 

Caroline. Block-tin is a kind of pewter, I believe ? 

Mrs. B. Properly speaking, block-tin means tin in blocks, or 
square massive ingots; but in the sense in which it is used by 
ignorant workmen, it is iron plated with tin, which renders it more 
(hirable, as tin will not so easily rust. Tin alone, however, would 
be too soft a metal to be worked for common use, and all tin vessels 
and utensils are in fact made of plates of iron, thinly coated with 
tin, which prevents the iron from rusting. 

Caroline. "Say rather oaydating, Mrs. B.^r-Rust, is a word that 
ought to be exploded in chemistry. 

Mrs. B. Take care, however, not to introduce the word o? ydate 
instead of rust, in general conversation ;, for you would prXably 
not be understood, and you might be suspected of affectation . 

Metals differ very mUch in their affinity for each othe? ; some 
will not uhite at all, others readily combine together, and on this 
inroperty of metals the art of soldering depends. 

Emily. What is soldering ? 

Mrs. B. It is joining two pieces of metal tbgether, by a more 
fusible metal interposed between them. Thus tin is a solder for 
lead ; brass, gold, or silver, are solder for iron, &c. 

Caroline. And is not plating metals something of the same 
nature ? ' 

Mrs. B. In the operation of plating, two metals are united, one 
being covered vnth the other, out without the intervention of a 
third : iron or copper may thus be coveried with gold or silver. 

Emily. Mercury appears to me of a very different nature from 
the other metals. 

Mrs. B. One of its greatest peculiarities is, that it retains a fluid 
state at the temperature of the atmosphere. All metals are fusible 
at different degrees of heat, and they have likewise each the prop* 
erty of freezing or becoming solid at a certain fixed temperature.-* 

663. Who first analysed these stones ? 

664. What are the- combinatioBs of metals with each other called ? 

665. Of what is brass an alloy ? 

666. Of what is pewter composed ? 

667. Whatisblock-tm? 

j568. On what does the art of soldering depend ? 
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Mercury oeageals <mly at seventy-two degrees below tine fireezing 
point. 

Ermbf. That is to isay, that in order to freeze, it requires a tern- 
peratuie of seventy-two degrees colder than that at whidi water 
freezes. 

Mrs, B. Exactly so. . 

CaroUne. But is the temperature of the atmosphere ever so low 
as that ? 

Mrs, B. Yes, often in Siberia ; but happily never in this part of 
the globe. Here, however, mercury may be congealed by artifi- 
cial cold ; I mean such intense cold as can be produced by some 
chemical mixtures, or by the rapid evaporation of etheir undo): the 
air pump.* 

Caroline. And can mercury be made to boil and evaporate ? 

Mrs. B. Yes, like any other liquid ; only it requires a much 
greater degree of heat. At the temperature of six hundred de- 
grees, it begins to boil and evaporate like water. 

Mercury combines with gold, silver, tin, and with several other 
metals; and, if mixed with any of them in a sufficient proportion, 
it penetrates the solid metal, softens it, foses its own fluidity, and 
forms an arnjcdgam, which is the name given to the combination of 
any metal with mercury, forming a substance more or less solid, 
according as the mercury or the other metal predominates. 

Emily, In the list of metals, there are some whose names I have 
never before heard mentioned. 

Mrs. B. Besides those which Sir H. Davy has obtained, there 
are several that have been recently discovered, whose properties are 
yet but little known, as for instance, titanium, which was discovered 
by the Rev. Mr. Gregor, in the tin mines of Cornwall ; columbium 
Or tantalium, which has lately been discovered by Mr. Hatchett ; 
and osmium, iridium, palladium, and rhodium, all of which Dr. 
Wollaston and Mr. Tenant found mixed in minute quantities with 
crude platina, and the distinct existence of which they proved by 
xjurious and delicate experiments. More recently still, Professor 
Berzelius has discovered in a pyritic ore, at Fahlun; in Sweden, a 
metallic substance, which he has called selenium ^ and which has 
the singular peculiarity of assuming the form of a yellow gas when 
heated in close vessels. In some of its properties, this substance 
seems to hold a medium between the combustibles and the metals. 
It bears, in particular, a strong analogy to sulphur. 

Caroline. Arsenic has been mentioned amongst the metals; 1 
had no notion that it beloiiged to that class of bodies, for I had 
never seen it but as a powder, and never thought of it but as a 
. most deadly poison. 

Mrs. B. In its pure metallic state, I believe it is not so poisonous; 
but it has such a great affinity for oxygen, that it absorbs it from the 
atmosphere at its natural temperature ; you have seen it therefore, 

*By a process analagous to that described, page 81 of this work. 

669. At what temperature will mercury congeal ? 

670. At what temperature will it boil uid evaporate ? 

671. What ia the combination of metal with mercury called ? 

672. What metals have been recently discovered ^ 

673. What is the natural atafe of arsenic ? 
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only in ite state of oxyd, when, from its combination witli oxygei, 
it has acquired its very poisonous properties. 

Caroline. Is it possible that oxygen can impart poisonous quali- 
ties ? That valuable substance which produces light and fire, and 
which all bodies in nature are so eager to obtain? 

Mrs. B, Most of the metaUic oxyds are poisonous, and derive 
this property from their union with oxygen; The white lead, so 
much used in paint, owes its pernicious efects to oxygen. In gen- 
iBral, oxygen in &l concrete state, appears to be particularly destruc- 
tive in its effects on flesh or any animal matter ; and thos6 oxyds 
are most caustic that have an acrid, burning taste, which proceeds 
from the metal having but a slight aflinity for oxygen, and tnerefore 
easily yielding to the flesh, which it corrodes and destroys. 

Emily. What is the meaning of the word caustic, which you have 
just used ? 

Mrs. B. It exptesses that proptlrty which l^ome bodies possesi, 
of disorganizing arid destroying animal matter, by Operating a kind 
t)f combustion, or at least a chemical decomposition. You must 
often have heard of caustic used to bum warts, or other animal 
excrescences ; most of these bodies owe their destructive power to 
the oxygen with which they are combined. The common caustic 
called lunar caustic, is a compound formed by the union of nitric 
acid and silver ; and it is supposed to owe its caustic qualities to the 
oxygen contained in the nitric acid. 

QjTolme. But, pray, are not acids still more caustic than oxyds, 
^ they contain a greater proportion of oxygen ? 

Mrs. B. Some of the acids are ; but the caustic property of % 
body depends not only upon the quantity of oxygen which it con- 
tains, but also upon its slight affinity mr that principle, and the 
consequent facility with which it yields it. 

Emily. Is not this destructive property of oxygen accounted for ? 

Mrs. B. It proceeds probably from the strong attraction of oxy- 
gen for hydrogen ; for if the one rapidly absorb the other from th© 
animal fibre, a disorganization of the substance must ensue. 

Emily. Caustics, are, then. Very prbperly said to ham the flesh, 
«ince the comWnation of oxygen and hydrogen is an actual com- 
bustion. 

Caroline, Now, I think, this effect would be more properly termed 
•an oxydation, as there is no disengagetoent of light and heat. 

Mrs. B. But there really is a sensation of heat produced by the 
action of caustics. 

Emih/. If oxygen is so caustic, why does not that which is con- 
tained m the atmosphere bum us ? 

Mrs. B. Because it is in a gaseous state, and has a greater 
attraction for its ^ectiicity than for the hydrogen of our bodies. 
Besides, should the air be slightly caustic, we are in a great meaa^ 
ure sheltered from its effects by the skin : you know how much ft 
wound, however trifling, smarts on being exposed to it. 

-674. From what do metals derive their poisonous properties ? 

675. What is a caustic ? 

676. On what doed th» caustic property of a body depend ? 

677. How is this destructive property of oXygen accounted fat ? 

678. If oxygen is of a caustic tendency, why does not that bum «% 
^hich is contained in the atmosphere ^ 
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Caroline. It is a curious idea, however, that we should live in a 
slow fire. But, if the air was caustic, would it not have an acrid 
taste? 

Mrs. B. It possibly may have such a taste ; though in so slight 
a degree, that custom has rendered it insens^e. 

(Sroline. And why is not water caustic ? When I dip my hand 
into water, though cold, it ought to burn me from the caustic nature 
of its oxygen ? 

Mrs. b. Your hand does not decompose the water ; the oxygen 
in that state is much better supplied with hydrogen than it would 
be by animal matter, and, if its causticity depend on its affinity for 
that principle, it will be very far from quitting its state of water to 
act upon your hand. You must not forffet that oxyds are caustic 
in proportion as the oxygen adheres slightly to them. 

JSmili/. Since the oxyd of arsenic is poisonous, its acid, I suppose, 
is fully as much so ? 

Mrs. B. Yes, it is one of the strongest poisons in nature. 

Emily. There is a poison called verdigris, which forms on brass 
and copper when not kept very clean : and this I have heard, is an 
objection to these metals being made into kitchen utensils. Is this 
poison likewise occasioned by oxygen ? 

Mrs. B. It is produced by the intervention of oxygen, for verdi- 
^s is a compound salt formed by the union of vinegar and copper ; 
It is a beautiful green color, and much used in painting. 

Emily. But, I believe, verdigris is often formed on copper when 
no vinegar has been in contact with it. 

Mn. B. Not real verdigris, but other salts, somewhat resembling 
it, may be produced by the action of other acids on copper. 

The solution of copper in nitric acid, if evaporated, affords a salt 
which produces an effect on tin that will surprise you, and I have 
prepared some from the solution we made before, that I might show 
It to you. I shall first sprinkle some water, on this piece of tin foil, 
and then some of the salt. — Now observe that I fold it up suddenly, 
and press it into one lump. 

Caroline. What a prodigious vapor issues from it — and sparks of 
fire, I declare ! 

Mrs. B. I thought it would surprise you. The effect, however, 
1 dare say you coSd account for, since it is merely the consequence 
of the oxygen of the salt rapidly entering into a closer combination 
^-ith the tin. 

There is also a beautiful ^een salt too curious to be omitted ; it 
b produced by the combination of cobalt with muriatic acid, which 
bas the singular property of forming what is called sympathetic ink. 
Characters written with this solution are invisible when cold, but 
when a gentle heat is applied, they assume a fine bluish green color. 

Caroline. I think one might draw very curious landscapes with 
the assistance of this ink ; I would first make a water color draw- 

679. Why is not water caustic ? 

680. What is verdigris ? 

681. What experiment is made with a piece of tin-foil and a solutioB . 
oi copper in nitric acid f 

682. What is called sympathetic ink ? 

683. What are the pecuuarjties of this ink ? 

15 
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ing of a winter sbene, in which the trees would be leafTess, on^the 
'^rwB scarcely green ; I would th^n trace all the verdure with the 
invisible ink, and whenever I chose to create spring, I should hold 
it hekure the fire, and its warmth would cover the landscape with a 
rich verdure. - 

Mrs. B, That will be a v«ry amusing experiment, and I advise 
you by all means to try it. 

Before we part, I must introduce to your acquaintance the curi- 
ous metals which Sir H. Davy has recently discovered. The histo- 
ry of these extraordinary bodies is yet so much in its in£a.nc^ that I 
shall confine myself to a very short account of them ; it is more 
important to point out to you the vast, and apparently inexhaustible 
field of research which has been thrown open to our view by Sir Hv 
Davy's memorable discoveries, than to enter into a minute account 
of particular bodies or experiments. 

Caroline. But I have heard that these discoveries^ however splen- 
did and extraordinary, are not very likely to prove of any great 
benefit to the world, as they are rather objects of curiosity than of 
use. 

Mrs. B. Suc^ may be the illiberal conclusions of the ignorant 
and narrow-minded ; but those who can duly estimate the advanta- 
ges of enlarging the sphere of science, must be convinced that the 
acquisition of every new fact, however unconnected it may at first 
appear with practical utility, must ultimately prove beneficial to 
mankind. But these remarki are scarcely applicable to the pres- 
ent subject ; 'for some of the new metals have already proved emi- 
nently useful as chemical agents, and are likely soon to be employed" 
in the arts. For the enumeration of these metals, I must refer you 
to our list of simple bodies ; they are derived from* the -alkalies, the 
earths, and three of the acids, all of which had been hitherto con- 
sidered as undecompoundable, or simple bodies. 

When Sir H. Davy first turned his attention to the eflfects of the 
Voltaic battery, he tried its power on a variety of compound bodies^ 
and gradually brought to fight a number of new and interesting 
facts, which led the way to more important discoveries. It would 
be highly interesting to trace his steps in this new department of 
science, but it would lead us too far from our principal object. A 
general view of his most rmnarkable discoveries is aU that I can aim 
at, or that you could at present understand. 

The facility with which compound bodies yielded to the Voltaic 
electricity, induced him to make a trial of its efifects on substances 
hitherto considered as simple, but, which he. suspected of being 
compound, and his researches were soon crowned with the most 
complete success. 

The body which he first submitted to the Voltaic battery, and 
which had never y^ been decomposed, was one of the fixed alkalies 
called potash. This substance ^ave out an elastic tiuid at the posi- 
tive wire, which was ascertained to be oxygen, and at the negative 
wire, small globules of a very high metallS; lustre, very simuar in 

684. What induced Sir H. Davy to try the efieets of the Voltaic bat- 
tery on substances till then, considered simple ? 

685. What was the first substance which he submitted to the Voltaie 
battery ? • 

686. What was the effect ? 
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'appe.'itunce to mercury, thus proving that potash, which had hidier- 
to been considered as a simple incombustible body, was, in feet, a 
metallic oxyd ; and that its incombustibility proceeded from its 
being already combined with oxygen. 

iSnily, I suppose the wires used in this experiment were of pla- 
tina, as they were when you decomposed water ; for if of iron, the 
oxyeen would have been combined with the wire, mstead of appear- 
ing in the form of gas. 

Mrs. B. Ceruinly ; the metal, however, would equally have been 
disengaged. Sir H. Davy has distinguished this new substimce by 
the name of potassium, which is derived from that of the alkali, 
from which it is procured. I have some small pieces of it in this 
phial, but you have already seen it, as it is the metal which we 
Durnt in contact with sulphur. 

Emily. What is the liquid in which you keep it ? 

Mrs. B. It is naptha, a bituminous liqiud, with, which I shaU 
"hereafter make you acquainted. It is almost the only fluid in which 
potassium can be preserved, as it contains no oxygen, and this 
metal has so powerful an attraction for oxygen, that it will not only 
absorb it from the air, but likewise from water, 'or any body what- 
ever, that contains it. 

lintnLy. This, then, is one of the bodies that oxydates spontane- 
ously without the apj^ication of heat. 

Mrs. B. Yes ; and it has this remarkable peculiarity, that it at- 
tracts oxygen much more rapidly from water than from air ; «o that 
when thrown into water, however cold, it actually bursts' into flame, 
I shall now throw a small piece about the size of a pin's head, on 
this drop of water. 

Caroline. \\ instantaneously exploded, producing a little flash of 
light ! This is, indeed, a most curious substance ] 

Mrs. B. By its combustion it is re-converted into potSteh ; and as 
potash is iiow decidedly a compoimd body, I shall not enter into any 
of its properties till we have completed our review <ii the i^mple 
bodies ; but we may here make a few observations on its basis, 
potassium. If this substance is left in contact with air, it rapidly 
returns to the state of potash, with a disengagement of heat, but 
without any flash of light. 

Emily. But is it not very singular that it should bum better in 
water than in air ? . 

Caroline, I do not think so ; for if the attraction of potassium 
for oxygen is so strong, that it finds no more difliculty in separatiiM^ 
it from the hydrogen m water, than in absorbing it from the ^«t, it 
will no doubt be m(»re amply and rapidly suppUed by water than by 
air. 

Mrs. B, That cannot, however, be precisely the reason, for when 
potassium is introduced under water, without contact of air, the 
combustion is not do rapid, and, indeed, in that case, th^pe is no lu- 
minous appearance ; but a violent action takes place, much heat is 
excited, toe potash is regenerated, and hydrogen gas is evolVed; 

687. What did this prove ? 
€88. What it this new substance caUed ? 
6B9. What fluid oontaias no oxygen .' 
680. What remarkable peculiarity has potassium ? 
691. How may potusium be reoomposed ? 

^. What will be the result if potassium is pat under water without 
being in contact with air ? 
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Potassium is so eminently combustible^ that instead of requirii^ 
like other metals, an elevation of temperature, it will bum rapimj 
in contact with water, even below the freezing point. This yon 
^ may witness by throwing a piece on this lump of ice. 

UaroUne. It again exploded with flame, ^d has made a deep 
hole in the ice. 

Mrs. B, This hole contains a solution of potash : for the alkali 
being extremely soluble, disappears in the water the instant it is 
produced. Its presence, however, may be easiljr aficertained, alka- 
lies having the properties of changing paper, stained with turmeric, 
to a red color ; if you dip one end of this slip of paper into the hole 
in the ice, you wiU see it change color : and the same if you Vet it 
with the mrop of water in which the first piece of potassium was 
burnt. 

Caroline. It has indeed changed the paper from yellow to red. 

Mrs. B. This metal will bum likewise, in carbonic acid gas, a 
g^ that has always been supposed incapable of supporting combus- 
tion, as we were unacquainted with any substance tnat had a greater 
attraction for oxygen than carbon. Potassium, however, readily 
decomposes this gas by absorbing its oxygeiK as I shall show you. 
This retort is fillM wim carbonic acid gas. I will put a small piece 
of potassium in it ; but for this combustion a slight elevation of 
temperature is required^ for which purpose I shall hold the retort 
over the lamp. 

Caroline. Now it has taken fire and bums with violence ! It has 
burst the retort. 

Mrs. B. Here is a piece of regenerated potash ; can you tell me 
why it has become so black ? 

JEndfy. No doubt it is blackened by the carbon-, which, when its 
oxygen entered into combination with the potassium, was deposited 
on its surface. 

Mrs. B. You are right. This metal is perfectly fluid at the tem- 
perature of one hundred, degrees ; at fifty degrees it is solid, but 
soft and malleable ; at thirty-two degrees it is hard and brittle, and 
its fracture exhibits an appearance of confrised crystallization. It is 
scarcely more than half as heavy as water ; its specific ^avity be- 
ing about six, when water is reckoned at ten ; so that tms metal is 
actiuilly lighter than any known fluid, even than ether. 

Potassium combines with sulphur and phosphoms, forming suK 
phurets apd phosphorets ; It likewise forms alloys with several met? 
ids, and amalgamates with mercury. 

Emify. But can a suflicient quantitj of potassium be obtained, by 
means of the Voltaic battery, to admit of all its properties and re 
lations to other bodies, being satisfactorily ascertained? 

Mrs. B^ Not easily , but I must not neglect to inform you that a 
method of Qbtainingthis metal in considerable quantities, \\9s since 
been discovered. Two eminent French chemists, Thenard and 
Gay Lussac, stimulated by the triumph which Sir H. Davy had ob- 

693. At how low a temperature will potasdum bum in contact with 
water ? 

694. Whv, until the didcoveiy of potasdum, had carbonic acid gas 
been considered incapable of supportuig combustion ? 

695. How does potasuum decompose this gas ? 
096. WhtX metal is lighter than any known fluid ? 
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tBiaed, attempted to separate potasaiiuQ jfrom its combin0,tj0n with 
oxygen^ by common chemical means, and without the aid of elec^ 
tmity. They caused red hot potash in a state of fusion, to lUtet 
through iron turnings in an iron tube, heated to whiteness. Theif 
experiment was crowned with the most complete success ; more 
potassium was obtained by a single operation, tiinan could have been 
collected in manji^eeks by the most dihgent use of the Voltaic 
battery. 

EmJy, In this experiment, I suppose the oxygen quitted its com- 
bination with the potassium, to unite with the iron turning ? 

Mn, B, Exactly so ; and thus the potassium-waS obtamed in its 
simple state. From that time it has become a most convenient and 
powerful instrument of deoxygenation in chemical experiments.— ^ 
This important improvement, enffrafted on Sir H. Da^'s previous 
discovenes, served but to add to his glory, since the fjfccts which he 
had established, when possessed only of a few atoms of this curious 
substance, and the accuracy of his analytical statements were all 
Confirmed, when an opportunity occurred of repeating his experi- 
ments upon this substance, which can now be obtained in unlimited 
quantities. 

Caroline, What a satisfaction Sir H. Dav^ must have felt, when 
by an efibrt of genius he succeeded in bringing to light, and actu^ 
afly giving existence to these curious bodies, which without him, 
might perhaps have ever remained concealed from our view ! 

Mrs, B, The next substance which Sir H. Davy subniitted to 
the influence of the Voltaic battery, was Soda, the other fixed alkali, 
which yielded to the same powers of decomposition ; from this alkaU, 
too, a metallic substance was obtained^ vety analogous in its prop- 
erties to that which had been discovered in potash ; Sir H. Davy has 
called it sodium. It is rather heavier than potassium, though con- 
siderably lighter than water ; it is not so easily fusible as potassium. 

Encouraged by these extraordinary results, Sir H. Davy next 
performed a -series of beautiful experiments on" Ammonia, or the vol- 
atile alkali, which from analogy, he was led to suspect, might also 
contain oxygen. This he soon ascertained to be the fact, but he has 
not yet succeeded in obtaining the basis of ammonia in a separate 
state : it is from analogy, and from the power which the volatile alkali 
nas, in its gaseous form, to oxydate iron, and also from the amalgams 
which can be obtained from ammonia by various processes, that the 
proofs of alkali being also a metallic oxyd are deduced. 

Thus, ihen, the ihriee alkalies, two of which had always been 
considered as simple bodies, have now lost all claim to that title, and 

have accordingly classed the alkalies amongst the compounds, 
whose properties 1 shall treat of in a future conversation. 

Emily, What are the oth^r newly discovered metals which you 
have afiuded to in your list jf simple bodies ? 

697. How may potassium be obtained In large quantities ? 

698. In the experiment for obtaining potassium, why did the oxygen- 
quit that substance ? 

699. What waff the next substance submitted to tiie ^ifiuence of \hei^ 
Voltaic battery ? 

700. What was the effect .' 

'701. What is the substance produced by the decomposition of iod# 
«iUed. 
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A^. 3, Theyaie the metals of the earth which hecame niezt the 
object of Sir H. I)ayy 's researches ; these bodies had never jet been 
decomposed, though they were strongly suspected, not only of being 
compounds, but or being metaUic oxyds. From the circumstance 
of their incombustibili^, it was coniectured with some plausibility, 
that they might possibly be bodies that had been already^boxnt. 

Caro&ne And metals, when oxydated , beconti, to all appeaianoe, 
a Idnd of earthy substance. 

Mrs. B, They haVe besides, several features of resemblance with 
metallic oxyds; Sir H. Davy had, therefore, great reason to be 
sanguine in hk e^qpectations of decomposing them^ and he was not 
disappointed. He could not, however, succeed' m obtaining the 
basis of the earths in a pure separate state ; but metallic alloys 
were formed with oth^ metals, which sufficiently proved the ex- 
istence of the metaHio basis of the earths. 

The last class of new metalUc bodies whieh Sir H. Bav]^^ discov- 
ered, waa obtained &pmth% three, undecompounded acida, the bo- 
xacic, the'fluori^, and' the muriatic acids; but as you are entirely 
unacquainted with these bodies, I shall reserve the account of thenr 
decomposition^ till we come to treat of their properties as acids. 

Thus in the course of two years, by. the unparalleled exertions 
of a single individual, chemical science has assumed a new aspect. 
Bodies have been brought to light which the human eye never be-^ 
fi>re beheld, and which might have remained eternally concealed, 
under their impenetrable disguise. 

It is impossoble, at the. present period^ to appreciate, to their full 
extent, the consequences which science or the arid may derive from 
these discbveiies ; we may, however, antipipate the most important 
results. 

In chemical analysis, we are.now in possession of more energetie. 
agents- of decomposition than were ever before known. 

In geology, new views are opeped, which will probably operate, 
a revolution in that obscnee imd difficult science. It is ahrea^ 
proved that all the earths, and, i^ ^t, the solid surface. of this., 
globe, are metallic bodies.nuneralized by oxygen, and as our planet 
Has been calculated to be considerably more: dense .upon the whole, 
than it is on the surface, it is more reasonable to suppose that the 
interior of the earth is composed of a. metallic mass, the surface of 
^ which only has hipei^ mineralized by the atmosphere. 

The erujption of volcanoes, those stupendous problems of nature, 
admit' now of.'an easy expkuia^ion.* For if the oowels of the earUi 
are the grand recess of mese- newly discovered inflammable bodies, 
whenever water; penetrat«s,i|^,t^em, combustions and explosioiiB. 

* It is always easy to form a thepry,. But an explanation of these , 
''stupendous problems of. nature," we believe has not yet been 
demonstrated to the satisfaction of all^. though great learning and 

702. What peculiarities havg the new-metals, discovered by Sir H. 
Davy? 

703. What reason had Sir H. Davy for supposing thattUielAls might 
be decomposed ? * 

704. What are earths supposed to be ? 

705. What if supposed u>' fOrm the principal interior part of o\a^ 
globe ? 
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■mfltjl tiftke pkce ; and it is remarkable that the lara which is thrown 
out, is the very kind of sabstance which might be expected to 
result from these combustions. 

I must now take my leaye of you ; we haye had a yery long 
oonyersation to-day, and I hope you will be able to recollect what 
you haye learnt. At our nei^ inl^nciew, we shall enter on a new 
object. 



€ONT£RSATIOI!r XIIK. 

ON THE ATTRACTION OF COMPOSITION* 

Mrs, B, Haying completed pur examination of the simple or 
elementary bodies, we are now to proceed to those of a com])ound 
nature ; but, before we enter on this extensiye subject, it will be 
necessary to make yoi; acquainted with the principal laws by which 
chemical combinations are governed. 

You recoHect, I hope, what we formerly said of the nature of 
t^e attraction' of composition, or chemical attraction, or affinity, as 
It is also called. 

Unify, Yes, I think, perfectly ; it is the attraction that sub8ist9 
between bodies of a difierent| nature, which oocasions them to com- 
bine and form a compound', \i4ien the^ come in contact ; and, bo- 
^rdin^ to Sir H. I^ayy's. opinion, this effect is produced by the 
attraction of the opposite electricities, whiit;h prevailed in bodies of 
difierent kinds. 

Mrs. Bi Veiry well; your definition comprehends the first law 
of chemical attraction, which is, that t^* takes place onfy between 
bodies of a different nature;, as, for instance, b^iw^een an acid and 
an alkali ; between oxygen and a metal, &c.. 

Caroline. That we understand, of course ; for the attraction be- 
tween particles of a similar nature is that of aggregation, or cohe- 
sion, which is independent of any chemical power. 

Mrs. B. The second law of chemical attraction is, that it takes 
place onfy between the most minute particles of bodies; therefore the- 

immense labor has been bestowed on the subject. If the " feasy 
explanation " is founded on the data here proposed, viz. that the 
9plid soT&ce of opr globe consists of nothing except metals and 
oxygen, such a ^eory in the present state- of knowledge, must 
duefly consist of supposition piled on supposition; there being as 
yet no proof that th^ crust of the earth is- roimed only of diese two 
elements.-7C. 

706. How are volcanoes accounted for ? 

707. What do you understand by the attraction of composition? 

708. What cause does SirH. Davy amign for the attraction between 
bodies of a different nature ? 

709. What is the fii^st law of chemical attraction ? 

710. What is the attraction between particles of a nmilar naturft- 
^Oled? 

7^. What is the second law of chemical attraction f 
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nore you divide the paitioleB of the Iwdies to be oamUned, ithe 
more readily they act upoa each other. 

QiroUne. That is again a circumstanoe nduch wo mi^ht h&Ve 
mferred ; for &e finer the particles of the two sabstanees are, ithe 
more eamly and perfectly they will come in contact with eadi 
other, which must greatly fau^tate their union, it was for this 
purpose, you said, that you used iron filings, in preference to wises 
or pieces of iron, for the decomposition of water. 

Mrs. B, It was once supposed, that no mechanical power conld 
divide bodies into particles sufficiently minute for them to act on 
each other ; and that in order to produce the extreme division re- 
quisite for a chemical action, one, if not both of the bodies, should 
be in a fluid state. There are, however, a few instances in which 
two solid bodies, very finely pulverized, exert a chemical action 
on one another ; * but such exceptions to the general rule are very 
rare indeed. 

JBmify. In all the oombioations that we have hitherto seen^ one 
of the constituents has, I believe, been either liquid or (triform.—' 
In combustion, for instance, the oxygen is taken from the atmos* 
phere, in which it existed in a state of gas ; and whenever we have 
seen acids combine with metals or with alkalies, they were either 
in a liquid or an serifbrm state. ' 

Mrs. B. The third law of chemical attraction is, that it can take 
place between two, three, four, or even a greater number of bodies. 

Caroline. Oxyds and acids are bodies composed of two constitu- 
ents, but I recollect no instance of the combination of a greater 
number of principles. 

Mrs. B. The compound salts, formed by the union of the metals 
with acids, are composed of three principles. And there are salts 
formed by the combination of the alkalies with the earths which 
are of a similar description. 

Caroline. Are they of the same kind as the metallic salts ? 

Mrs. B. Yes ; they are very analogous in their nature, althouglr 
different in many of their properties. 

A methodical nomenclature, similar to that of the acids, has been 
adopted for the compound salts. Each individual salt derives its- 
name froxi;i its constituent parts, so that every name implies a 
knowledge of the composition of the salt. 

The t&ee alkalies, the alkaline earths, and the metals are called 
saiifiable bases, or radicals, and the acids, saiiftfing principles. The 
name of each salt is composed both of that of the acid and the sali,- 
.fiable base ; and it terminates in at or it, according to the degree 
orthe oxygenation of the acid. Thus, for instance, all those salts 
which are formed by the comtbination of sulphuric acid with any of 
the salifiable bases, are called sulphals, and the name of the radical i»- 



* This is the case with muriate of ammonia and quick lime. — C. 

712. What is necessary in order that chemical action take place be^ 
Iween different bodies ? 

713. What is the third law of chemical attraction ? 

714. How aife compound salts formed? 

715. What are called salifiable bases or radicals ? 

716. What are called salifying principles ? 

HZ. How do salts ending in ate di&r finxn those ending^ in els>t' 
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> added for the specific distinction of the salt ; if it be potash, it will 
compose a sulphat of potash ; if ammonia, sulphat of ammonia, &c. 

Mnili/., The crystals which we obtained from the combination of 
iwn and sulphuric acid were therefore called sulphat of iron. 

Mrs,. B^ rrecisely ; and those which we prepared by dissolving 
copper in nitric acid, Tiitrat of copper, aad so on. But this is not 
ajl ; if the salt be formed by that land of acids whibh ends in ous, 
(which you know indicates a less degree of oxygenation) the termi- 
nation of the name of the salt will be in tr, as sulphit of potash, stU- 
phit of ammonia, &q. 

Emily. There must be an immense number of compound salts, 
since there is so great a variety of salifiable radicals, as well as of 
salifying principles. 

Mrs. B. Their real number cannot be ascertained, since it in- 
creases every day. But we must not proceed further in the inves- 
tigation of the compound salts, until we have completed the exami- 
nation of the nature of the ingredients of which they are composed. 

The fourth law of chemical attraction is, that a mange of temper- 
ature always takes place at the moment of combination. This arises 
from the extrication of the two electricities in the form of caloric, 
which ajways occurs when bodies unite ; and also sometimes in part 
from a change of capacitor in the bodies for heat, which always takes 

Elace when the combination is attended with an increase of density, 
ut more especially when the compound passes from the liquid to 
the solid form. I shall now show you a striking instance of a change 
of temperature from chemical union, merely by pouring som^e ni- 
trous acid on this small quantity of oil of turpentine, the oil will 
instantly combine with the oxygen of the sbcid, an4 produce ^ 
considerable change of temperature. 

Ckiroline. What a blaze ! The temperature of the oil and the 
acid must be greatly raised, indeed, tp procure such a violent com- 
bustion. 

Mrs. B. There is, however, a peculiarity in this combustion, 
which is, that the oi^gen, instead of being derived from the atmos^ 
pheric air alone, is principally supplied by the acid itself. 

Emily. And are not all combustions instances of the change of 
temperature produced by the chemical combination of two homes ? 

Mrs. B. Undoubtedly ; when oxygen loses its gaseous form, in 
order to combine with a solid body, it becomes condensed, and the 
caloric evolved produces the elevation of temperature. The spe- 
cific ^[ravity of bodies is at the same time altered by chemical com- 
bination ; for in consequence of a change of capacity for heat, a 
change of density must be produced. 

Caroline, That was the case with the sulphuric acid and wateX| 
which, by being mixed together, gave out a great deal of heat, an4 
increa^a in density . 

718. How do acida ending in ic, <^ifier from those ending in ous f 

719. What is the fourth fitw of chemical attraction ? 

720. From what does the change of teniperature arise ? 

721. What is an instance of increase or temperature from chemical 
pnion? 

722. Is th^ «|)6ci$c gravity of bodies affected by chemioal ooo^ii^- 
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Mr», B. The fifth law of chemical attraction is, that $he proper* 
ties which characterize bofUes, when separate, are aUered or destroyed 
by their combination, 

Caroline, Certainly ; what, for instance, can he so different &om 
water, as the hydrogen and oxygen gases ? 

Emib/. Or what more unliKe 8ii^>hat of iron, than iron or sul- 
phuric add ? 

Mrs, B, Every chemical combination is aa illustration of this 
rule. But let us proceed — 

The sixth law is, that the force of chemical qffiniiy baween the con- 
stitttents of a body, is estimated by that which is required for their sep- 
aration. This force is not always proportional to the ^ility with 
which bodies unite ; for manganese,- for instance, which you know, 
is so much disposed to unite with oxygen, that it is never found in 
a metallic state, yields it more easily than any other metal. 

Eamky, But, Mrs. B., you speak of estimating the force of attrac- 
tion between bodies, by the force required to separate them ; now 
can you measure these forcen ? 

Mrs. B. They cannot be precisely measured, but they are com- 
paratively ascertained by experiment, and can be represented by 
numbers which express, at least by approximation, the relative de- 
grees of attraction. 

The seventh law is, that bodies have amongst themselves different 
degrees ^attraction. Upon this law, (which you may have discover- 
ed yourselves, long sinc6,) the whole science of chemistr]^ depends, 
far it is by means of the various degprees of alhnity which bodies 
have for each other, that all the chemical compositions and decom- 
l^ositions^ are effected. Every chemical fact or experiment is ah 
mstance of the same kind ; and whenever the decomposition of a 
body is performed by the addition of any single new substance, it is 
«aid to be efiected by simple elective attractions. But it often happens 
that no simple substance will decompose a body, and that in order 
to effect this, you must offer to the compound a body whidi is itself 
composed of two, or sometimes three principles, which would not, 
each separately, perform the decomposition. In this case there are 
two new compounds formed in consequence of a reciprocal decom^ 
position and recomposition. All instances of this kind are called 
double elective attractions, 

Caroline, I confess I do not understand this clearly. 

Mrs, B, You will easily comprehend it, by the assistance of this 
diagram, in wUch the reciprocal forces of attraction are represented 
by numbers : 

723. What is the fifth law of ehemieal attraction ? 

724. What is the sixth law of chemical attraction ? 

725. What is the seventh law of chemical attraction.^ 

726. Upon what does the whole science of chemistry depend ^ 

727. What is a simple elective attraction ? 

728. What is a double elective attraction ? 
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Original Compound, 
Nitrate of Lime. 

We here suppose that we are to decompose sulphat of soda; that 
Is, to separate the acid from the alkali : if for this purpose, we add 
some lime, in order to make it combine with the acid, we shall fail 
in our attempt, because the soda and the sulphuric acid attract each" 
other by a force which is superior, and, (by the way of supposition) 
is represented by the number 8 ; while the lime tends to unite with 
this acid by an affinity equal only to the number 6. It is plain » 
therefore, that the sulphat of soda will not be decomposed, since a 
force equal to 8 cannot be overcome by a force equal only to 6. 

Caroline, So far, this appears very clear. 

Mrs, B. If on the other hand we endeavor to decompose this 
salt by nitric acid, which tends to combine with soda, we shall be 
equally unsuccessful, as nitric acid tends to unite with the alkali by 
a force equal only to 7. 

In neither of these cases of simple elective attraction, therefore, 
can we accomplish our purpose. But let us previously combine 
together the lime and nitric acid, so as to form a nitrate of lime,- a 
compound salt, the constituents of which are united by a power 
equal to 4. If then we pesent this compound to, the sulphat of 
soda, a decomposition will ensue, because the sum of the forces 
which tend to preserve the two salts in their actual state is not 
equal to that of^the forces which tend to decompose them, and to 
form new combinations. The nitric acid, therefore, will combine 
with the soda, and the sulphuric acid with the lime.* 

* Suppose we say thus. The sul^phuric acid attracts soda with a 
stronger force than it does litnej and soda has a stronger affinity foi 
sulphuric acid than it has for nitric acid. It is plain', then, that nei- 
ther lime nor nitric acid alone will decompose the sulphat of soda. 
Now if we unite the nitric acid and lime, we form nitrate of lime,—' 

729. What is represented in the diagram ? 

730. What is said in the note of the subject of tltis diagram f 
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OaroSne. I nndarstaiid you now veiy well. This doable e&xi 
takes place because the numbers 8 and 4, which represent the de 
giees of attraction of the constituents of th^ two original salts, 
make a sum less than the numbers 7 and 6, which represent the 
degrees of attraction of the two new compounds that will in conse- 
quence be formed, 
g Mrs, B, Precisely so. 

CaroUne, But what is the meaning of quiescent and dweUent 
forces which are written in the diagram ? 

Mrs, B. Quiescent forces are those which tend to preserve com- 
pounds in a state of rest, or such as they actually are; divellent 
forces, those which tend to destroy that state of combination, and 
to form new compounds. 

These are the principal circumst-ances relative to the doctrine of 
chemical attractions, which have been laid down as rules by mod- 
em chemists : a few others might be mentioned respecting the same 
theory, but of less importance, and such as would take us too far 
from our plan. I should, however, not omit to mention that Mr, 
Berthollet, a celebrated French chemist, has questioned the uniform 
operation of elective attraction, and has advanced the opinion that, 
in chemical combinations, the changes which take place and Che 
proportions in which bodies combine, depend not only upon the 
affinities, but also, in some degree, on the respective qualities of 
the substances concerned, on the heat applied during the process, 
and some other circumstances. 

Caroline. In that case, I suppose there would hardly be two com- 
pounds exactly similar, though composed of the same materials ? 

Mrs. B. On the contrary it is found that a remarkable uniformity 
prevails, as to proportions, between the ingredients of bodies of 
similar composition. Thus water, as you may recollect to have 
seen in a former conversation, is composed of two volumes of hydro- 
gen gas to one of oxygen, and this is always found to be precisely 
the proportion of its constituents, from whatever source the water 
be derived. The same uniformity prevails with regard to the vari- 
ous salts ; the acid and alkali, in each kind of salt, being adways 
found to combine in the same proportions. Sometimes, it is true, 
the same acid, and the same aikali are capable of making two dis- 
tinct kinds of salts ; but in all these cases it is found that one of 
the salts contains just twice, or in some instances thrice as much 
acid, or alkali, as the other.* 

But the nitric acid has not so strong an affinity for the lime as it has 
for soda. On mixing the two salts in solution, therefore, the nitric 
acid quits the lime, and combines with the soda. This leaves the 
sulphuric acid and the lime free and uncombined ; they then unite 
and form sulphat of lime. — C. 

. * The student already understands, that in chemical conibinations 
the union takes place only between the particles, or atoms, of sub- 

731. What are quiescent forces ? 

732. What are divellent forces ? 

733. What was the opinion of Berthollet upon chemical combioa- 
tions ? 

734. What remarkable uniformity is found to exist in chemical com- 
binations ' 
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^nM^. ^ the pT^ortien in whieh Uiese bodies combine Jb so 
ceostai^t, and so well defined, bow can Mr. BerthoUet's ttnx^ be 
reconciled with this uniform system of comMaatioii ? 

Mrs, B. Great as that philosopher's authoritj is in chemistcy, it 
is now generally supposed that fais doubts on this subject weie in a 

rtat degree grouiraless, and that the exceptions he has obscKred 
the laws of definite proportions, have been only apparent, and 
may be accounted fmr consistently with those laws. 

Emily, I think I now understand this law of definite proportiosis 
very well, so far as it regards the gases, such as oxygen ana hydro- 
gen, in the instance you have just mentioned ; but in the case of 
acids a&d sdkalies, where the* bodies are either liquid or solid, I do 
fiot conceive how their bulks <»r volumes can be measured, in order 
to ascertain the proportion in which they combine. 

Mrs, B, Your question is quite in pomt ; the fact is, that the law 
of combination hy volume, does not prevail in regard to Hquids and 
«oUds. In these we must leave the circumstances of bulk '^entirely 
out of consideration. It is to their weight that we must attend, in 
determimng the proportions in which they combbe; aad accord- 
ingly, if we take the combining substance in a state of perfe<^ 
purity, and ascertain with great accuracy, once for all; the propor- 
tions h^ weight, in which they unite, we shall find that in every 
<ylher instance in which these substances have an opportunity of 
combining, they will unite in the same proportions, and in no other 
— unless It be in such proportions that one of the bodies shaU be in 
weight, exactly, double, triple, or quadruple what it was in the 
former combination. 



Btances. These atoms it is supposed, are invisible, beong the ulti- 
mate particles of which bodies are composed. In chemical combi- 
oations, then, where substances are capable of uniting in only one 
proportion, this must be atom to atom. Thus oxygen and hydrogen 
unite only in the proportions of 100 of the former to 750 of the 
latter by weight. Here an atom of oxygen unites to an atom of 
hydrogen, to form water; but the atoms of oxygen are seven and 
a half times heavier than those of hydrogen. 

When substances unite in several proportions, the second and 
Xhird are always multiples of the first. Thus 100 parts of man- 
Ifanese will unite to 14, 28, 42, or 66, of oxygen, but not with any 
intermediate quality, as with 12, 20, 60, &c. This law of definite 
proportions, so fer as is knowu, holds good, where the resulting 
compound differs widely firom either of the substances of i^hich it 
is composed, as in the salts, compound minerals, &c. The theory 
iO£ definite proportions is explained by supposing that a substance 
which we shall call A, unites with another substance, B, atom to 
atom, and that this forms a certafin compound. When they unite 
in the second proportion, two atoms of B, unite to one of A, and 
this forms another compound, and so on, untilHhe atoms of A, can 
imite to no more of B. — C. 

735. In whsX proportion do oxygen and hydrogen unite to form 
water? 

736. How much heavier is oxygen than hydrogen ? 

737. When acids and alkalies unite in several proportions, what iel»- 
tion do these proportions bear to each other ? 
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•CaroUne. This requires a good deal of attention to be w^ ttndet 
stood ; and I should like to have it illustrated by some pailiiculaCr 
example of these different combinations. « 

Mrs, B. Nothing easier than to satisfy you in this respect. For 
instance, with regard to bulk, nitrogen gas is capable of combininff 
with oxygen gas in different proportions; thus one volume of 
nitrogen, by combining with one volume of oxygen, forms the sub- 
stance called nitrous gas ; with two volumes of oxygen, ft forms 
nitrous add gas, &c. And with regard to solids and liquids, the 
proportions of which are estimated by weight, I may mention, ais 
an example, the case of the salt called sulphat of potash, in which 
a given weight of potash may combine with two difierent propor- 
tions of sulphuric acid; but the quantity of acid in one case m 
exactly double what it is^ in the other. 

Emily, And pray, what can be the cause of this singular uni- 
formity in the law of Combination ? 

MrSi Bi Philosophers have not been able to give us any decisive 
information upon this point ; but they have attempted to explain it 
in the following manner ; since chemical combination takes place 
between the most minute particles of bodies, may we not supi>ose 
that the smallest particles or portions in which bodies combine, 
(and which we may call chemical atoms) are capable of uniting to»- 
gether one to one, or sometimes one to two, ot one to thr^, &c., 
but that they cannot combine in any intermediate proportion. 

Emily. But if an atom was broken into two, an intermediate 
combination would be obtained I 

Mrs. B. Yes ; .but the nature of the atom is incompatible with" 
the idea of any farther division; since the chemical atom is the 
smallest quantity which chemistry can obtain, and such as no me- 
chanical means can possibly subdivide. 

Caroline. And pray, what is the use of all this doctrine of defi- 
nite proportions ? 

Mrs. B. It is very considerable ; for it enables chemists to form 
tables, by which they can see at one glance, the composition of all 
the bodies which have been accurately analyzed, and ascertain in 
an instant, what quantity of one body will be necessary to decom^ 
pose a certain quantity of another; and in general, sudi tables 
serve to present, in one view, the result of any chemical decompo^ 
sitions, and the quantities of the new compounds formed ; by which 
means, a considerable saving of labor is gained ^ either in enabling 
us to calculate beforehand the results of any manufacturing opera- 
tions : or in estimating thos» obtained in anaiytical processes. But 
I perceive the subject is becoming rather too intricate for us. We 
must not run the risk of entering into difficulties which might coo'- 
fuse your ideas, and throw more obscurity than interest upon this 
abstruse part of the philosophy of chemistry.* 

♦This would have been the proper place for mentioning Dr. 
Wollaston's scale of chemical eqmvalents; but the subject has been 
thought to imply some considerations not sufficiently elementary for 
the purpose of this book. It may, however ^ be just mentioned, that 
the principal object of tfiis scale is to give a tabular view of the . 
proportions in which the seteral acids and bases combhie in forming 
fbMvc respective salts, and likewise to indicate the equivalent conv 
••«Ub which result from their decomposition. The great utility of 
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' tktroHne, Pray, Mrs. B., can you decompose a salt by means of 
^ectricity, in the tsame way as we decompose water ? 

Mrs. JB, Undoubtedly ; and I am glaa this question occurred to 
yx)u, because it gjyes me an opportunity of showing you some very 
mteresting experiments on the subject. 

if we (fissolve a quantity, however small, oF ahy salt in a ^lafes 
of wat^r^ and if we plunge into it the extremities of the wires, 
\*hich proceed from the two ends of the Vdtaic battery, the salt 
i^ill be sradually decomposed, the acid being attracted by the posi- 
tive, and the alkaU by the negative wire. 

Emily. But how can you render that decomposition perceptible ? 

Mrs. B. By placing, in contact with the extremities of each wire, 
in the solution, pieces of paper stained with certain vegetable col- 
orSj which are altered by the contact of an acid or an alkali. — 
Thus this blue vegetable preparation called litmus, becomes red 
when touched by an acid ; ana the juice of violets becomes green 
by the contact of an alkali. 

But the experiment can be m^e in a much more distinct manner, 
by receiving the extremities of the wires into different vessels, so 
Aat the alkali shall appear in one vessel, and the acid in the others 

Caroline. But then die voltaic circle will not be completed ; how 
can the effect be produced ? 

Mrs. B. You are right ; I ought to have added that the two 
vessels must be connected together by some interposed substance, 
capable of conducting electncity. A piece of moistened cotton 
wick answers tiiis purpose very well. X ou see that the oattqa has 
Fig. 31. 




Instancafl of ch«mieal decompomUoB by the Voltaic ^aXt/brf. 



«ne end immersed in one ^lass, and the other Bnd in the Other, sd 
as to establish a eommunication between any fluids contained in 

this scale, and the peculiar properties which it possesses, though not 
very easily described, may be readily understood on inspecting the 
instrument, which should be in the hands of every chemicad student^' 

738. Can a salt be decomposed by means of electricity ? 

739. When a salt is decompofled by Galvanism, at which pole does 
the acid appear? 

740. Uow would jo\x explain Fig. 31 ? 
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ikem. We shall now pat into each of these glasses a Httle fflaalier 
nit, or sulphat of soda, (which consists of an acid and alkali,) and 
then we s^l fill the glasses with water, which will dissolve the 
mk. Let OB now connect the glasses by means of the wires, (e. d*) 

with the two ends of the battery thus 

Caroline. The wires are already giving ont small bubbles: is 
this owing to the decomposition of the salt ? 

Mrs, B. No ; these are bubbles produced by the decomposition 
of tiie vrater, as you saw in the former experiment. In order to 
render the separation of the add from the alkab, visible, I pour 
into die glass (a) which is connected with the positive wire, a few 
dn^ of a solution of litmus, which the least quantity of adid turns 
red ; and in the other glass (b) which is connected with the nega- 
tive wire, Ipo«r a few drops of the juice of violets. . . . 

Ernity, Tne blue solution is already turning red all around the 
wire. 

Caroline. And the violet solution is beginning to turn green. — 
This is indeedjirer^ singular ! 

Mrs. B. You will be still more astonished when we vary the ex- 
periment in this manner. These three s^lasses (f, g, h,) are, as in 
Fig. 32. *^® rormer instance, connected 

together by wetted cotton, but 
^the middle one contains a sa- 
line solution, the two others 
containing only distilled water, 
colored as before by vegetable 
infusions. Yet on making the 
connection with the battery, the 
alkali vnll appear in the negv 
tive glass, (n) and the acid in 
the positive glass, (f,) though 
1 nitancM^of ebdmicai decomposition by the neither of them contained any 
Voltaic Battery. ga^ne matter. 

Emih/. So that the acid and alkali must be conveyed right and 
left from the central glass, into the other glasses by means of the 
connecting moistened cotton ? 

Mrs. B. . Exactly so, and you may render the experiment still 

more striking by putting into the central glass, (k,) an alkahne 

Fiff. 33. solution, the elauber salt 

' * . being placed into the 

* ^^^^f^ ■^ I . * is — "negative glass, (1,) and 

the positive glass, (i,) 
containing only water. 
The acid vdll be attract- 
ed by the positive wire; 
(m,) and vrill aotaallv 

appear in the vessel, (i,) 

IiistaJkcM of cKemical decempositioii by the VoJttIc after pawifig through Jlie 

Battery. alkalme solatfOBy (k,> 

without confining vnth it, although yon know acids and alkalies 

ate 60 much disposed to combine. But this c onversation has alread y 

741 . How wilt y ow expkin the exfmnxtmat illustrated in Fif . 32 ? 

742. How will von explain the experiment illustrated ia fig. 33 ' 
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aradi ezodeded our usual limits, and we canaoi enlarge more upea 
this itttevesting subjeot at present. 



CONVERSATION XIV. 

OK ALKALIES. ' 

il^. B, Having now given you some idea of the laws by which 
chemical attractions are governed, we may proceed to the exam- 
ination o( bodies which 'are formed in consequence of these attrac- 
tions. 

The first class of compounds that present themselves to our 
notice, in our gradual asdent to the most comfdicated combinations, 
are bodies composed of only two principles. The sulphurets, 
phosphorets, carburets, &c. are of this description ; but the most 
numerous and important of these compounds are the combinations 
of oxygen with the various simple substances with which it has 
a tendency to unite. . Of these you have already acquired some 
knowledge, but it will be necessar^r to enter into further particulars 
respecting the nature and properties of those most deserving our 
notice. Of this class are the alkalies and the earths, which 
we shall successively examine. 

We shall first take a view of the alkalies, of which there are 
three, viz. potash, soda, and ammonia. The two first are called 
fixed alkaliesy* because they exist in a sdid form at the temperature 
of the atmosphere, and require a great heat to be volatilized. They 
consist as you already know of metallic bases combined with oxygen. 
In potash, the proportions are about eighty-six parts of potassium, 
to fourteen of oxygen ; and in soda, seventy^^even parts of sodium 
to twenty-three of oxygen. The third alkaU, ammonia, has been 
distinguished by the name of volatile alkali, because its natural 
form IS that of gas. Its composition is of a more complicated na- 
ture, of which we shall speak hereafter. 

Some of the earths bear so strong a resemblance in their proper- 
tiea to the alkalies, that it is difficult to know under which head to 

* It has already been stated that a third fixed alkali has lately 
been discovered by Mr. ArfVredson, which has been called lithion. 
It was first found in a Swedish mineral called vetalite; ])ut has since 
been detected in some other minerals. Though this alkali resembles 
potash and soda in its general properties,, yet it has decidedly an 
alkaline substance of its own, capable of forming different salts with 
the acids, and having in particular the property of combining with 
much greater proportions of acid than the other alkalies. 

743. What is the first class of compounds which present themselves 
to our notice ? 

744. What are instances of this description ? 

745. What are the alkalies ? 

746. Wby are potash and soda called fixed alkalies ? 

747. Of what do the fixed alkalies consist ? 

748. Why is ammonia called volatile ? 

16* 
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place them. The celebrated French chemist, Foorcroy has classed 
two of them (barytes and strontites) with the alkalies ; but as lime 
and magnesia have almost an equal title to that rank, I think it bet- 
ter not to separate them, and therefore have adopted the common 
method of classing them with the earths^ and of distinguishing 
them by the name Of dOmime earths^ 

The general properties of alkalies are, an acrid burning taste, a 
pungent smell, and a caustic action on the skin and flesh. 

QxroUne, I wonder they should be Caustic, Mrs. B., since they 
contain so little oxygen. 

Mrs, B. Whatever substance has an affinity for any one oiT the 
constituents of animal matter, sufficiently powerful to decompose it, ^ 
is entitled to the appellation of caustic The alkalies, in their pure 
state, have a very strong attraction for water, for hydrogen, and tor 
carbon, which you know, are the constituent principles of oil, and 
it is chiefly by absorbing these substances from animal matter that 
they efllect its decomposition ; for, when diluted with a sufficient 

Quantity of watcfr, or combined with any oily Bubstance, they lose 
tiehr caustldty. 

But to return to the general properties of alkalicEH-tfiey chan^e^ 
as we have already seen, the color of syrup of violets, and other blue 
vegetable infusions to green ; and have, in genera], a veij great 
tendency to unite with acids, although the neepective qualities of 
these tvvo dasses of bodies form a remarkable contrast. 

We shall examine the result of the combination of adds and alka* 
lies mote particularly hereafter. It will be sufficient at piesent to 
inform you, that whenever adds are brought in contact with alka- 
lies or alkaline earths, they unite with a remarkable eagerness, and 
form compounds perfectly difl!erent from either of their constituents , 
these bodies are called neutral or compound salts. 

The dry white powder which you see in this phial is pure caustic 
pofASH ; it is very difficult to preserve it in this state, as it attracts, 
with extreme avimty, the moisture from the atmosphere, and if the 
air were not perfect^ excluded, it would, in a very short time, be 
actually melted^ 

EmUy. It is then, I suppose, always found in a liquid state ? 

Mrst B, No ; it exists in nature in a great variety of forms and 
combinations,' but it is never found in its pure separate state ; it is 
combined with carbonic acid, with which exists in every part of 
the vegeltable kingdom, and is most commonly obtained from the 
ashes of vegetables, which are the residue that remains after all the 
other*parts have been volatilized by combustion. 

Caroline. But you once said, that after all the volatile parts of a 
vegetable were evaporated, the substance that remained was char- 
coal? 

Mrs. B. I am surprised that you should still confound the pro- 
cesses of volatilization and combustion. In order to procure char- 
coal, we evaporate such parts as can be reduced to vapor by the 

749. What are the general properties of alkalies ? 

750. On what does the caustic property of alkalies depend ? 

751. To what color do the alkalies change the vegetable blues? 

752. How are neutral or compound salts formed ? 

753. What would be the consequence if caustic potash were liot 
secluded from the air ^ 
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operation of heat alone ; but when we born the vegetable, we bum 
the carbon also, and convert it into carbonic acid gas. 

Caroline, That is true ; I hope I shall make no more mistakes in 
- my favorite theory of combustion. 

Mrs. B. Potash derives its name from the pots in which the 
vegetables, from which it was obtained, used formerly to be burnt ; 
the alkali remained mixed with the ashes at the bottom, and was 
thence called potash. 

EmUy, The ashes of a wood fire, then, are potash, since they 
are vegetable ashes ? 

Mrs, B, They always contain more or less potash, but are very 
& from consisting of that substance alone, as they are a mixture 
of various earths and E^ts which remain after, the combustion of 
vegetables, and from which it is not easy to separate the alkali in 
its pure form. The process by which potash is obtained, even in 
the imperfect state in which it is used in the arts» is much more 
eomplicated than simple combustion. It was once deemed impossi- 
ble to separate it entirely from all foreign substances, and it is only 
in chemical laboratories that it is to be met with in the state of 
purity in which you find in this phial. Wood ashes are, however, 
valuable for the alkali which they contain, and are used for sonie 

Surposes without any fiurther preparation. Purified in a certain 
egree, they make what is commonly called pearl-ash, which is of 
great efficacy in taking out grease, in washing linen, &c.; for potash 
combines readily wtth oil or fat, with which it forms a compound 
well known to you under the name of soap. 

Caroline. Really! Then I should think it would be better to 
wash all linen with pearKash than with soap, as in the latter case, 
the alkaU being already combined with oil, must be less efficacious 
in extracting grease. 

Mrs. B. lis efiectft wouid be too powerful on fine linen, and 
would injure its texture ; pearl-ash is therefore only used for that 
which is of a stfong, coarse kind. For the same reason, you can- 
not wash your hands with plain potash ; but, when mixed with oil 
in the form of soap, it is soft as well as cleansing, and is therefore 
much better adapted to the purpose. 

Caustic potash, as we already observed, acts on the skin, and 
animal fibre, in virtue of its attractions for water and oil, and con- 
verts all animal matter into a kind of saponaceous jelly. 

Emily, Are vegetables the only source from which potash can be 
derived? 

Mrs. B. No ; for though far most abundant in vegetables, it is by 
no means confined to that class of bodies, being found also on the 
surface of the earth, mixed with various minerals, especially with 
earths and stones, whence it is supposed to be conveyed in vegeta- 
bles by the roots of the plant. It is also met with, though in very 

754. From what is potash obtained ? 

755. From what is the term potash derived ? 
756> Of what do wood ashes consist ? 

757. How will soap assist in cleansing clothes from grease or oilr 

758. Why may not pearl-ash be used for the purpose, without being 
made into soap ? 

759. Is potash confined to vegetables ? 
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MaiA MUkBlitM m WMM animal aubataBees. The laoat orauaoa 
atate of pot»sb k that of oarionat; I aappose you andexstand what 
tiiatia? 

ErnUy. I belieye so; though I do not recollect that you eyei 
meiitioBed tiie word before. If I am not mistaken, H must be a 
eompound salt, formed by the union of carbonic acid with potash. 

Mrs. B. Very true ; you see how admirably the nomenclature of 
modem chemistry is adapted to assist the memory ; when you hear 
the name of a compound, you necessarily learn what are its constit- 
uent parts ; and when you are acquamted with these constituents, 
you can immediately name the compound which they form. 

Carohne, Pray, how were bodies arranged and distinguished 
before this nomenclature was introduced ? 

Mrs, B, Chemistry was then a much more difficult study ; for 
every substance had an arbitrary name, which it derived from the 
person who discovered it, as Glauber^s salts, for instance ; or from 
some other circumstance relative to it, though quite unconnected 
with its real nature, as potash. 

These names have l)een retained for some of the simple bodies ; 
for as this dass is not numerous, and therefore can easily be re- 
membered, it has not been thought necessary to change them. 

Emily, Yet I think it would have rendered the new nomenclature 
more complete to have methodized the names of the elementary, as 
of the compound bodies, though it could not have been done in the 
same manner, fiut the names of the simple substances might have 
indicated their nature, or, at lesust, some of their principal proper- 
ties ; and if, like the acids and compound salts, all the simple bodies 
had a similar termination, they would have been immediately known 
as such. So complete and regular a nomenclature would, I think, 
have given a clearer and more comprehensive view of chemistry 
than the present, which is a medley of old and new terms. 

Mrs, B. But you are not aware of the difficulty of introducing 
into science an entire set of new terms ; it obliges all teachers and 
professors to go to school again, and ifsome of the old names that 
are least exceptionable, were not left as an introduction to the new 
ones, few people would have had industry and perseverance enough 
to submit to the study of a completely new language ; and the infe- 
rior classes of artists, who can only act from habit and routine, 
would at least for a time, have folt material inconvenience from a 
total change of their habitual terms. From these considerations, 
Lavoisier and his coUeagues, who invented the new nomenclature, 
thought it most prudent to leave a few links of the old chain, in 
order to connect it with the new one. Besides, you may easily 
conceive the inconvenience which might arise from giving a regular 
nomenclature to substances, the simple nature of which is always 
uncertain ; for the new names might, perhaps, have proved to have 

760. What is the most common state of potash ? 

761. What is carbonatP 

762. How were bodies arranged and distinguished before the new 
nomenclature was introduced ^ 

763. Why have the old chemical names been retained ? 

764. What inconvenience migrbt arise from giving a regular nomen- 
clature to substances, the nature of which is uncertain ? 
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been founded in ertor. And, indeed, cantiovis aer t^e kkTentoRi oi the 
modern chemical language have been, it has already been found 
necessary to modify it in many respects. In those few cases, how^ 
eter, in which new terms have been adopted to designate simple 
bodies,, those names hare been so contrived as to indicate one of 
the chief properties of the body in question ; this is the case with 
oxygen, which, as I explained to you, signifies generator of acids ; 
and hydrogen, generator of water.* If all the elementary bodies 
had » similar termination as you propose, it would be necessary to 
change the name of any that might hereafter be found of a com- 
pound nature, which would he very inconvenient in this age of 
discovery. 

But to return to the alkalies. We shall now try to melt some of 
this caustic potash in a little water, as a circumstance occurs during 
its solution very worthy of observation. Do you feel the heat that 
is produced ? 

Caroline, Yes, I do ; but is not this directly contrary to our the- 
ory of latent heat, according to which heat is disengaged when fluids 
become solid, and cold produced when solids are melted ? 

Mrs. B. The latter is really the case, in all solutions ; and if the 
solution of caustic alkalies seems to make an exception to the rule, 
it does not, I believe, form any solid objection to the theory. The * 
matter may be explained thus : When water first comes in contact 
with the potash, it produces an eflfect similar to the slacking of lime, 
that is, the water is solidified in combining with the potash, and thus 
loses its latent heat ; this is the heat that you now feel, and which 
is, therefore, produced not by the melting of the solid, but by the 
solidification of the fluid. But when there is more water than the 
potash can absorb and solidify, the latter then yields to the solvent 
power of the water ; and if we do not perceive the cold produced 
by its melting, it is because it is counter-balanced by the heat pre- 
viously disengaged. t 

A very remarkable property of potash is the formation of glass 
by its fusion with siliceous earth. You are not yet acquainted with 
this last substance, further than its being in the list of simple bodies. . 
It is sufficient for the present, that you should know that sand and 
flint ai^ chiefly composed of it ; alone, it is infusible, but mixed with 

*It may here he observed, that even with regard to these two 
bodies, the homenclature is become exceptionable, since it is now 
found that oxygen is one of the constituents of alkalies as well as 
of acid, and in particular of the muriatic. 

f This defence of the general theory, however plausible, is liable 
to some obvious objections. The phenomenon might perhaps be 
better accounted for, by supposing tnat a solution of alkali in water 
has less capacity fer heat than either water or alkali in their sepa- 
rate state. 

765. In the few cases where new names have been adopted to desig- 
nate siinple substances, how have these names been contrived .' 

706. What interesting circumstance occurs if caustia potash is melted 
in water .' 
767. How is ^lass made ? 

766. If caustic potash is put m water, wky is heat disengagedf 
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potaBh, H melts when exposed to the heat of a famaoe, combmeik - 
with Uie alkali and runs into glass. 

Caroline, Who would ever haye supposed that the same substance 
which converts transparent oil into such an opaque body as soap, 
should transform that opaque substance, sand, into transparent 
glass? 

Mrs. B. The transparency or oj^ity of bodies, does not, I 
conceive, depend so much on their intimate nature, as upon the 
arrangement of their particles ; we cannot have a more striking 
instance of this, than is affordedr by the different states of carbon, 
\diich, though it commonly appears in the form of a black, opaque 
body, sometimes assumes the most dazzling transparent form in 
nature, that of diamond, which, you recollect, is carbon, which in 
all probability, derives its beautiful transparency from the peculiar 
arrangement of its particles during their crystallization. 

Emiiy. I never should have supposed that the formation of glass 
was so simple 9, process as you describe it. 

Mrs. B. It is by no means an easy operation to make perfect 
glass ; for if the sand or flint from which the siliceous earth is ob 
tained, be mixed with any metallic particles, or other substance, 
which cannot be vitrified, the glass will be discolored, or defaced^ 
hy opaque specks. 

Caroline. That I suppose, is the reason why objects so often ap- 
pear irregular and distorted through a common glass window. 

Mrs. S. This 8i>ecies of imperfection proceeds, I believe, from* 
another cause. It is extremely difficult to prevent the lower part 
of the vessels, in which the materials of glass are fused, from con- 
taining a more dense vitreous matter than the upper, on account of 
the heavier ingredients falling to the bottom. When this happens, 
it occasions the ai>pearance of veins or waves in the glass, from the 
, difl^rence of density in iXm several parts, which produces an irregu* 
lar refifaction of the rays of light which pass through it. 

Another species of imperfection sometmies arises from the fusion 
not being continued for a length of time sufficient to combine the 
two ingredients completely, or from the due proportion of potash 
and silex ^which are as two to one) not being carefully observed ; 
the glass, m those cases^ will be liable to alteration from the action 
of the air, of salts, and especially of acids which will eff^t its 
decompo^tion by combining with the potash, and forming com- 
pound salts. 

Emily. What an extremely useful substance potash is ! 

Mrs. B. Besides the great importance of potash in the manu« 
fiietures of glass and soap, it is ot very considerable utility in many 
of the other arts, and its combinations with several acids, particu- 
larly the nitric, with which it forms saltpetre. 

769. On what does the opacity of bodies depend ? 

770. To what does a diamond owe its transparency ? 

771 . What is the occasion of the veins or waves discovered on some 
glass? 

772. What other imperfection sometimes occurs in the making of 
glass ? 

773. Of what does saltpetre consist ^ 
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CkaroHne. Then saltpetre must be a niirat ofpstaah. But we are 
ttOt yet acquainted with the nitric acid. 

Mrs, B, We shall therefore defer entering into the partieulars of 
these combinations till we come to a general review of the compound 
salts. In order to avoid confusion, it will be better at present to 
confine ourselves to the alkalies. 

Emity, Cannot you show us the change of color which you said 
the alkalies produced on blue vegetable uifusions ? 

Mrs, B. Yes, very easily. I shall dip a piece of white paper into 
this syrup of violets, which, you see,is of a deep blue, and dyes the 
paper of the same color. As soon as it is diy , we shall dip it into a 
fsolution of potash, which, though itself colorless, will turn the paper 
green.* 

Caroline. So it has, indeed I And do the other alkalies produce a 
similar effect ? 

Mrs, B. Exactly the same. — We may now proceed to soda, 
which, however important, will detain#us but a very short time; as 
in all its general properties it very strongly resembles potash ; in- 
deed, so great is their simUitude, that they have been long confound- 
ed, and they can now scarcely be distinguished, except by the dif- 
ference of the salts which they form with acids. 

The ^reat source of this alkali is the sea, where, combined with 
a peculiar acid, it forms the salt with which the waters of the ocean 
are so strongly impregnated. 

Iknily. Is not that the common table salt ? 

Mrs, B. The very same ; but a^ain we must postpone entering 
into the particulars of this interesting combination, till we treat of 
the neutral salts. Soda may be obtained Irom common salt ; but 
the easiest and most usual method of procuring it, is by die combusp- 
tion of marine plants, an operation perfectly analogous to that by 
which potash is obtained from vegetables. 

Emily. From what does soda derive its name ^ 

Mrs, B. From a plant called by us soda, an^i Vy the Arabs kali, 
which affords it in great abundance. Kali has, indeed, given its 
name to the alkalies in general. 

Caroline* Does soda form glass and soap in the same manner as 
potash ? / 

* A very pretty experiment on the change of colors may be made 
as follows : Make a tincture, by pouring boiling water-on red cab- 
bage and let it stand a while. Put it into a phial. The color will 
be purple. Take two wine glasses, and into one put. a few drops of 
sulphuric acid, and into the other the same quantity of a strong so- 
lution of potash. So little of either will do, that the glasses may be 
inverted for a moment* Then pour the tincture into each, and the 
one containing the acid will appear of a most beautiful red, and the 
other as beautiful a green. — C. 

774. What is the chemical name of sailpetre ? . ' 

775. How may blue vegetable colors be turned green ? 

776. How does soda diner from Dotash ? 

777. What is the crreat source of soda ? 

778. How may soda be obtained ? 

779« From what does soda derive its name? 
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Jfc. jBL YM,ift4oeB4 ft k t^eqaal u^oitamee k llie «aa,i]id i& 
eren preferred to potash for some Duipoaes ; but voa will uBi be alUe 
to #itii^iiish their properties^ tiU we examine uie compoand nailts 
whieh t^sy form with acids ; we must therefore leave soda for ^ 
present, and proceed to aicjconia, or the ▼oitATii.x ai^ka!.!. 

Emify, I lonff to hear something of this alkali ; is it not of the 
same nature as hartshorn ? 

Mrs, B, Tes, it is, as ^rou will see bye-aud bye. This alkali » 
seldom fomid in nature in its pure state ; it is mo^ conmionly ex- 
tracted firom a compound salt, called sal, ammoniac, which was for- 
merly imported from Ammonia, a region of Lybia, fi^Hn which both 
^ese salts and the alkali derive their names. The crystals contain- 
ed in this bottle are specimens of this salt, which consist of a combi^ 
nation of ammonia and muriatic a<^d. 

CknroUne. Then it should be called muriate of ammonia ; for thoi:^h 
I am ignorant what muriatic acid is, yet I know that its combination 
with ammonia cannot but be so call^ ; and I am surprised to see 
sid. ammoniac inscribed on the label. 

Mrs. B, That is the name by which it has been so long known, 
that the modem chemists have not yet succeeded in banisMn^ it al- 
together : and it is still sold under that name by druggists, Uiou^ 
by scientific chemists it is more properly called muriat of ammonia. 

OireUn^ Both the popular and common name should be inscribed 
on label»-^his would soon introduce the new nomenclature. 

EmUy. By what means can the ammonia be separated from the 
muriatic add ? 

Mrs. B, By chemical attractions : but this operation is too com- 
plicated for yon to understand till you are better acquainted with 
the agency ol affinities. 

EsnUy, And when extracted from the salt, what kind of substance 
is ammonia ? 

Mrs. B. Its nal^iral form, at the temperature of the atmosphere^ 
when free from combination, is that of gas ; and in this state it is 
called ammoniacal gas. But it mixes very readily with water, and 
can thus be obtainra in a liquid form. 

CaroHne. You said that ammonia was more complicated in its 
<composition than the other alkalies > pray of what principles does 
it consist ? 

Mrs. B. It was discovered a few years since, by BerthoUet, a cel^- 
ebrated French chemist, that it consisted of about one part of hydro^ 
gen to four parts of nitrogen. Having heated ammoniacal gas un- 
der a receiver, by causing the electrical spark to pass repeatedly 
through it, he found that it increased consideraUy in bulk, lost aU 
its alkaline properties, and was actually converted into hydrogen and 
nitrogen gases : and from the latest and most accurate experiments 

780. Can glass and soap be formed from soda as well as from potash^ 

781. From what does ammonia derive its name ? 

782. From what is it mostly obtained ? 

783. What is the proper chemical name of this volatile alkali f 

784. How can ammonia be separated from muriatic acid^ 

785. How is ammoniacal gas obtained ? 

786. Under what form^cloes it appear when pure ? 

787. Of what principles does araBBOBiaooBaiflt^ 



Digitized 



by Google 



AMMONIA. 189 

the proportions appear to be, one volume of nitrogen gas, to three 
of oxygen gas.* 

Caroline. Ammonia, therefore, has not, like the two other alka- 
lies, a metallic basis. 

Mrs. B. It is believed that it has, though it is extremely difficult 
to reconcile that idea, with what I have just stated of its chemicsJ 
nature. But the fact is, that although this supposed metallic basis 
of ammonia has never been obtained distinct and separate, yet both 
Professor Berzelius of Stockholm, and Sir H. Davy, have succeed- 
ed in forming a combination of mercury with the basis of ammonia 
which has so much the appearance of an amalgam, that it strongly 
corroborates the idea of ammonia having a metallic basis.f Sut 
these theoretical points are fiill of difficulties and doubts, and it 
would be useless to dwell any longer upon them. 

Let us therefore return to the properties of volatile alkali. Am- 
moniacal gas is considerably lighter than oxygen gas, and only 
about half the weight of atmospherical air. It possesses most of the 
properties of the fixed alkalies ; but cannot be of so much use in 
the arts on account of its volatile nature. It is, therefore, never 
employed in the manufacture of glass, but it forms soap with oils 
equally as well as potash and soda ; it resembles them likewise in 
its strong attraction for water ; for which reason it can be collected 
in a receiver over mercury only. 

Caroline. I do not understand this. 

Mrs. B. Do you recollect the method which was used to collect 
gases in a glass receiver over water ? 

Caroline. Perfectly. 

Mrs. B. Ammoniaeal gas has so strong a tendency to unite with 
water, that instead of passing through that fluid, it would be instan- 
taneously absorbed by it. We can therefore neither use water for 
that purpose, nor any other liquid of which water is a component 
part ; so that in order to collect this gas, we are obliged to have re- 
course to mercury, (a liquid which has no action upon it,) and a 
mercurial bath is used instead of a water bath, such as we employed 
on former occasions. Water impregnated with this gas is nothing 
more than the fluid which you mentioned at the beginning of the 
conversation — hartshorn; it is the ammoniaeal gas escaping from 
the water, which gives it so powerful a smell.J 

* It ought to be hydrogen gas. — C. 

f This amalgam is easily obtained, by placing a globule of mer- 
cury upon a piece of muriat, or carbonat of ammonia, and electrify- 
ing this globule by the Voltaic battery. The globule instantly be- 
gins to expand to three or four times its former size, and becomes 
much less fluid, though without losing its metallic lustre, a change 
which is ascribed to the metallic basis of ammonia uniting with the 
mercury. This is an extremely curious experiment. 

J To obtain ammoniaeal gas, mix together equal parts of muriate 
of ammonia, and dry burnt lime ; after pulverizing each separately, 

788. Has ammonia a metallic basis ? 

789. What is the specific gravity of ammoniaeal ffas'' 

790. How does ammonia resemble potash and bo«i ? 

791. Why cannot ammonia be collected in a receiver over water ? 

792. What is hartshorn ? 

17 
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Unify. But there is no appearance of efierveacence-in hartafiinn 

Mrs. B. Because the particles of gas that rise from the water, are 
too subtle and minute for their effect to be visible. 

Water diminishes in density, by bein^ impregnated with ammo- 
. niacal gas ; and this augmentation of bum increases its capacity for 
caloric. 

Emify. In makmg hartahonr, then, or knpregnating water with 
ammoma, heat must be absorbed and cold produced .^ 

Mrs, B. That eflfect would take place if it was not counteracted 
b3r another circumstance; the gas is liquefied by incorporating 
with the water, and gives out its latent heat. The condensation of 
the gas more than counterbalances the expansion of the water — 
therefore, upon the whole, heat is produced. But if you dissolve 
ammoniacal gas with ice or snow, cold is produced. — tJan you ac- 
count for that.^ 

Emily. The gas in being condensed into a liquid, must give oat 
heat ; and on the other hand, the snow or ice in being rarefied into 
a liquid, must absorb heat ; so that between the (^posite e^cts, I 
should have supposed the original temperature would have been 
preserved. 

Mrs. B. But you have forgotten to take into the account the 
rarefaction of the water (or melted ice,) by the impregnation of the 
gas, and this is the cause of the cold which is ultimately produced. 

Caroline. Is the sal volatile, (the smell of which so strongly re- 
sembles hartshorn) likewise a preparation of ammonia? 

Mrs. B. It is carbonat of ammonia dissolved in water; and which 
in its concrete state is commonly called salts of hartshorn. Am- 
monia is catlstic, like the fixed alkalies, as you may judge by the 
pungent effects of hartshorn, which cannot be taken internally, nor 
applied to delicate external parts, without being plentiiiilly tuluted 

rub them together in a mortar; put them into a retort, and apply 
the heat of a lamp. Or, the common spirit of sal ammoniac may be 
heated in a retort m the same way. To collect and retain the gas 
without a mercurial bath, fix a receiver or bottle in an inverted po- 
sition, and connect to the letort a tube, which introduce up into 
the receiver, so that it nearly reaches the bottom. As the gas 
comes over, its levity is such, that it fills the upper part of the re- 
ceiver first, gradually driving out the air, and taking its place. To 
keep it for any considerable time, the receiver must be stopped. A 
pretty experiment may be made by introducing up into the receiv- 
er with the ammonia, some muriatic gas. Both gases are invisible 
until they are brought together,, when they unite, forming a dense 
white cloud, and fall down in the solid form of muriai of cammonia. 
The muriatic gas is obtained by pouring sulphuric acid on common 
salt, and applying the heat of a lamp. It may be sent up into the 
receiver in the way above described, ior ammonia. — C. 

793. What change is produced oa water by being impregnated with 
ammoniacal gas ? 

794. Why is cold produced if ammoniacal gas is dissolved with 
■now or ice r 

795. Hoto can anunomacal gas be retained for experiwieiUs wiihovi 
a meffiurial hathf 

7d6. What is sal volatile ? 
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tpith water. Oil and acids are very excellent antidotes for alkaline 
poisons ; can you guess why ? 

Caroline, rerhaps, because the oil combines with alkali, and 
forms soap, and thus destroys its caustic properti^ ; and the acid 
<»nverts it into a compound salt, which, isuppose, is not so perni- 
cious as caustic alkali. 

Mrs, B. Precisely so. 

Ammoniacal gas, if it be mixed with atmospherical air, and a 
burning taper repeatedly plunged into it, will bum with a large 
flame of a peci^Jiar yellow color. 

EmUy. But, pray, tell me, can ammonia be procured from this 
Lybian salt only ? 

Mrs. B, So far from it, that it is contained m, and may be ex- 
tracted from, all animal substances whatever. Hydrogen and ni- 
trogen are two of the chief constituents of animal matter ; it is there- 
fore not surprising that they should occasionally meet and combine 
Jn those proportions that compose ammonia. But this alkali is 
more frequently generated by the spontaneous decomposition of an- 
imal subst3.nces ; the hydrogen and nitrogen gases that arise from 
putrefied bodies combine and form the volatile alkali. 

Muriat Of aii^monia, instead of being exclusively brought fit)m 
Lybia, as it originally was, is now chiefly prepared in Europe, by 
chemical processes. Ammonia, althQugh principally extracted 
from this salt, can also be produced by a great varlesty of other sub- 
stances. The horns of cattle, especially those of deer, yield it In 
abundance, and it is from this circumstance that a solution of am- 
monia in water has been called hartshorn. It mav likewise be pro- 
cured from wool, flesh, and bones ; in a word, any amms^ substance 
whatever, yields it by decomposition. 

We shall now lay aside the alkalies, however imnortais the sub- 
ject may be, till we treat of their combination wita acida The next 
time we meet we shall examine the earths. 



CONVERSATION XV* • ■-■' 

ON EARTHS. 

Mrs. B. The SARtHs, which we a^e to da^ o eximine, are olhe 
in number. 

SII.EX, 8TR0NM[TE8, 



* There is less evidence that these four eait u are composed of 
metallic bases than there is in the case of amm r.ia, which it will be 

797. Why are oils and acids ^ood antidotes for Ukaline poisons ? 

798. From what can ammonia be procured ? 

799. What are the chief constituents of animal matter? 

800. Whj has a solution of ammonia ip water I ^en called hartshorn ? 

801. How many earths are there .** ^ 
iQ2. What are their names ? 
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AliUMINK, YTTRIA, 

BARYTE8,* GLITCINA, 

' lilMK,*-- ZiaCONIA. 

MAGNESIA,* 

The last three are of late discovery ; their properties are bnt 
imperfectly known ; and as they have not yet been applied to use, 
it will be unnecessary to enter into any particulars respecting them. 
We shall confine our remarks, therefore, to the first five. Tnejr are 
composed, a^ you have already learnt, of a metallic basis combined, 
with oxygen ; and from this circumstance are incombustible. 

Caroline, Yet I have seen turf burnt in the country, and it makes 
an excellent fire ; the earth becomes red hot, and produces a very 
great quantity of heat. 

Mrs. B. It Lb not the earth that bums, my dear, but the roots, 
grass, and other semnants of vegetables that are intermixed with it. 
The caloric which is produced by the combustion of these substan- 
ces, makes the earth red hot, and this being a bad conductor of 
heat, retains its caloric a long time ; and were you to examine i^ 
when cool, you would find that it had not absorbed one particle of 
oxygen, nor suffered any alteration from the fire. Earth is, how- 
ever, from the circumstance just mentioned, an excellent rsidiator 
of heat, ai^d owes its utility, when mixed with fuel, solely to that 
property. It is in this point of view, that Count Rumford has re- 
commended balls of incombustible substances to be arranged in fire 
places, and mixed with the coals, by which means, the caloric dis- 
engaged by the combustion of the latter, is more perfectly reflected 
into 3ie room, and an expense of fuel is saved. 

Emily, I expected that the lists of earths would be much more 
considerable. When I think of the immense variety of soils, I am 
astonished that there is not a greater number of earths to form them. 

Mrs, B. You might, inde^, almost confine that number to four ; 
for barjrtes, strontites, and the others of late discovery, act but so 
small a part in this great theatre, that they cannot be reckoned as 
essential to the general formatipn of the ^lobe. And you must not 
confine your ideas of earths to the formation of soil ; for rocjc, mar- 
ble, chalk, slate, sand, flint, and all kinds of stones, from the pre- 
cious jewels to the commonest pebbles ; in a word, all the immense 

remembered, was supposed to have formed an amalgam with mer- 
cury, and on this account was supposed to have had a metallic ba- 
sis. Of the either earthy, no one except Dr. Clarke, of Cambridge, 
Eng., has pretended to offer any tut conjectural evidence of their 
metallic nature. This gentleman, on submitting them to the heat 
of the blow pipe, charged with oxygen and hydrogen, was led to be- 
lieve he had obtained their metallic bases. But as his experiments 
have been repeated at the Royal Institution without success, it ift 
now understood that the Dr. must have been mistaken. — C. 

803. Of what are the earths composed ?. 

804. Why are the earths incombustible I 

805. Why, then, is turf used for fuel in some countries ?. 

806. Why is the earth a good radiator of heat ? 

807. What is said of barvtes and strontites, as constitatUig a part 
of the globe .^ 
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Tanety of miiierai ^ptodsacta, may be referred fo tome of these 
ear^, dfther in a simple state, ot combined the Qi;;d with the oi^r^ 
or blended with other mgiedients. 

CaroUne* Precious stones composed of eaart^ ! That seems very 
diffieolt to conoeiTC. 

' Emily. Is it more extraordinary than that the iaK>st precious of 
all jewels, diamond, i^Knild be oOi»posed of carboik/ But diamond 
forms an exceptiotii, lllrst B.; for, though a stone, it is not composed 
of earth. 

Mrs, B, I did not specify the exception, as I knew you were so 
well acquainted with k. Besides, I would call a diamond a mineral 
rather than a stone j aj» the latter term always implies the presence 
of some earth. 

Qxroline. I cannot conceive how suck coarse materials can be 
eonverted into such beautiful productions. 

Mrs. B. We aie very for fipom understanding all the secret re- 
sources of nature ; but I do not think the spontaneous formation of 
the crystals, which we call precious stones, one of the most difficult 
phenomena to comprehend. 

By the slow and regular work of ages, perhaps of hundreds of 
ages, these earths may be gradually dissolved by water, and as 
gradually deposited by their solvent in the undisturbed process of 
crystallization. The regular arrangement of their particles, during 
fheir re-union in a solid mass, gives them that bruliancy, transpa- 
rency, and beauty, for which they are so much admired ; and ren-; 
ders them in appeaarance so totsdly difi^rent from their rude and 
primitive ingredients. 

Caroline. But how does it happen that they are spontaneously 
dissolved, and afterwards crystallized ? 

Mrs. B. The scarcity of many kinds of crystals, as rubies, eme- 
ralds, topazes, &c., shows that their formation is not an operation 
very easily carried on in nature. But cannot you imagine that when 
water holding iti solution some particles of eeirth filters througli^ 
the crevices of hills or mountains, and at length dripples into some 
cavern, each successive drop may be slowly evaporated, leaving 
behind it the particle of earth W'hich it held in solution? You 
know that crjrstallization is more regular and perfect, in proportion* 
as the evaporation of the solvent is slow and uniform; nature 
therefore, who knows no limit of time, has, in all works of this 
kind, an infinite advantage over any artist who attempts to imitate 
such productions. 

EmUu. I can now conceive that the arrangement of the partifcles 
of earth during crystallization, may be such as to occasion transpa*-'* 
lency, by admitting free passage to the ray^ of light ; but I cannot 
understand why crystallized earths should assume such beautifuF 
colors as most of them do. Sapphire, for instance; is of a celestial 
blue ; ruby, a deep red ; topaz, a brilliant yellow ! 

808. What valuable substance do the earths compose ? 

809. Is it deemed difficult to understand the spontaneous formation^ 
ef crystal ? 

810 What does the scarcity of many kinds of crystals show .* 
811- How may it be supposed that tney are formed^ 
17* 
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Afi^. B, NoUmig is more simile than to siq»poBe that the av. 
jangement of their particles is sach, as to transmit some of the 
colored rays of light, and reflect others, in which case the stone 
must appear of the color of the rays whidi it reflects. But besides, 
it frequently happens that the color of a stone is owing to a mixtnse 
of scnne metallic matter. 

Caroline. Pray, are the di0erent kinds of precious stones each 
composed of one individual earth, or are they formed of a combi- 
nation of several earths? 

Mrs. B. A great variety of materials enters into the composition 
of most of them ; not only several earths, but sometimes salts and 
metiils. The earths, however, in their simple state, frequently 
form veij beautiful crystals; and, indeed, it is in that state only 
that they: can be obtainedn>erfectly pure. 

Emily. Is not the Derbyshire spas produced by the, crystalliza- 
tion of >9arths, in the way you have just explained*? I have bkeen 
in some of the subterraneous caverns where it is found, which are 
similar to those you have described. 

Mrs. B. Yes ; but this spar is a very imperfect specimen of 
crystallization';* it consists, of a variety of ingredients confusedly 
blended together, as you miay judge by its opacity, and by the 
various colors and appearances, which it exhibits. 

But, in examining the earths in their most perfect and agreeable 
form, we must not lose sight of that state in which they are com- 
monly found, and which, S" less pleasing to the eye, ]& &r more, 
interesting by its utility. 

All the earths are more or less endowed with alkaline properties ;^ 
but there are four, barytes, magfjiesia, lime, and strontites, which, 
are called iUkalifie earths, because they possess those qualities in so 
great a deotee, as to entitle them, in most respects, to the rank of 
alkalies. They e<>mbine and form 'compound sfto wkh acids, in 
the saimc) way as alkalies ; they are Hke them, susceptible of a con- 
siderable degree of causticity, and^ are acted .upon in a similar man- 
ner by chemical tests.— ^The remaining, earths, silex and alumine, 
with one or two others of late discovery, are in some degree more . 
earthy, that is to say, they possess more completely the properties 
common to all the e?irths, which are insipidity, dryness, unaltera- 
bleness in the fire, infusibility, Ac. 

Caroline. Yet, did you not tell us. that silex, orjsiliceous earth, 
when mixed with an alkali, was frisible, and rtth into glass? 

Mrs. B. Yes, my dear ; but the characteristic properties of earths, 

* The Derbyshire spar is composed of Hme and fluoric acid ; hence 
it is called fltuiU of lime. Thie colors are owing to intermixture , 
with metallic oxides. It is a very beautiful mineral, and instead of 
being opaque, it is geneiially translucent, or nearly transparent. — C. 

812. Whence may it be supposed they receive their beautiful colora.^^ 
613. What IS an instance of simple earths in, a stkte of crystalliza. 
tion? . ' * 

814. What is the composition of Derbyshire spar? 

815. What are alkcQine earths ? ' 

816. Why are the^ so called? 

817. What properties are comm9n.to all earths^?. 
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.-which I have mentioned^ are to be considered as bdong^g to them 
in a state of purity only ; a state in which they are Tery seldom to be 
met with in nature. Asides these general properties, each earth 
has it own specific characters, by which it is distinguish^ from 
any other sul^tance. Let us therefore review them separately. 

S11.KX, OE SILICA, abo)mjd|? in flint, sand, sand-Qtone, agate,, 
jasper, &c.; it forms the basis of many precious stones, and par-i 
tictdarly of those which strike fire wkh steel. It is rouffh to the 
touch, scratches and wears away metals ; it is acted upon by no acid 
but the fluoric, and it is not soluble in water by any Imown process ; 
but nature certainly dissolves it by means with whidi we are unac-^ 
quainted, and thus produces a variety of siliceous <nrystals, and 
amongst these, rock crystal^ which is^ the Purest, specimen of thi^ 
earth. Silex appears to have beea intended by- Providence to. form 
the solid basis of the globe, to serve.as the foundation for the oijginal 
mountains, and give them that hardness and durabil^ which ha^ 
enabled them to resist the various revolutions v^hich the surface of 
the earth has successively undeigQne. From these monntaips silice- 
ous rocka have, during the course of ages, been gradually detached 
b^ torrents o£ water, and' brought down in fragments ; these, in the 
violence and rapidity of their descent, are sometimes crumbled to 
sand, and in this state fprm the beds of rivers and of the sea, chiefly 
composed of siliceous materials. Sometimes the fragments are 
broken without being pulverized by their fall, and assume the form 
of pebbles, which gradually become rounded and polished. 

Emily. Pray, what is the true color of silex, which forms such 
a variety of different colored substances ? Sand is brown, flint ia 
nearly black, and precious stones are of all colors. 
' Mrs, B^ Bur^jsUex, such as is found only in the chemist's labora^ 
tory, is perfectly white, and the v^ous, colors which it a^umes iij 
the difierent substances you have just mentioned, proce^ from the 
different ingredients with which it is mixed in them. 

Caroline. I wonder that silex is not more valuable, since it formE( 
the basis of so many precious stones.*^ 

Mrs. B. You must rjot forget that the value we set upon precious 
stones depends in a great measure upon the scarcity with which 
nature affords them ; for were those productions either common o| 
perfectly imitable by art, they would no longej:, notwithstanding 
their beauty, be so highly esteemed. But the real value of siliceous 
earth in many erf the most useful arts> is very extensive. Mixed 
with clay, it forma the basis of all the various kinds of earthen ware, 
from the most common utensils to the most re/ined ornaments. 

Emily. And we must recollect its importance in the formation ot 
glass with potash. 

Mrs. B. Nor should we omit to mention, likewise, many othe? 

* The bases of some of the most costly gems, aa sapphire, ruby 

and topaz, are alumine. — C. 

p . , , .. I -t. 

818. In what is silex. chiefly found ? 

819. What is the purest specimen of silex ? 

820. What is the color of silex P 

821. Upon what does the value of precious stones depend ? 
8^. For wh^t important uses is silex chiefly valuable ?, 
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ittipoTtitnt uses of dlex, Bwsh as being ^e cBef iBgradwat of i 
of the most durable cement, of mortar, &c. 

I said before that siliceous earths combined with no acid but the 
fluoric ; it is for this reason that glass is HaUe to be attadced by 
that acid onlj, which, from its stit>Bg affinity to silex, forces that 
substance from its combination with the potash, and thus destroys 
the riass. 

We shall now hasten to proceed to the other earths, for I am rather 
apprehensive of your growing weary of this part of our subject. 

Caroline. I confess that the history^ of the earths fi» not quite so 
entertaining as that of the simple substances. 

Mrs, B. Perhaps not * but it is absolutely indispensable Uiat you 
should know something of them ; for they form the basis of so 
many interesting and miportant compounds, that their total omis- 
sion would throw ffreat obscurity on our general outline of chemical 
science We shall, however, review th^ in sBi cursory a manner 
as the subject can admit of. 

Alitmike derives its name from a compound salt caHed atwn, of 
which it forms the basis. 

Caroline. But it ought to be iust the contrary, Mrs. B.; thesimple 
body should give, instead of taking, its name from, the compound. 

Mrs. B. That is true ; but as the compound salt was known long 
before its basis was discovered, it was very natural that when the 
earth was at length separated from the acid, it should derive its 
name from the compound from which it was obtai^d. However, 
to remove your scruples, we- will call the salt according to the new 
nomenclature, sulj^hat of alumdne. From- this combination, alumine 
may be obtained in its pure state ; it is then soft to the touch, makes 
a paste with water, and hardens in the fire. In nature it is found 
chiefly in clay, which contains a considerable proportion of this 
earth ; it is very abundant in filers' eai^, slate, and a variety of 
other mineral productions. There is indeed scarcely' any mineral 
substance^ more useful to mankind than alumine. In the state of 
clay, it forms large strata of the earthy gives consistency to the soiL 
of valleys, and of all low and damp spots, such as swamps and 
marshes. The beds of lakes, ponds, and springs, are almost en- 
tirely of clay ; instead of allowing of the filtration of water, as sand 
does, it forms an impenetrable bottom^ and by this means water is 
accumulated in the caverns of the earth, producing those reservoirs 
whence springs- issue, and spout out at the surface. 

Emily. I always thought that these subterraneous reservoirs of • 
water were bedded by some hard dtoncjor rock, which the water 
could not penetrate.. 

Mrs. B. That is not the case ; for in, the course of time, water 
would penetrate, or wear away silex, or any other kind of stone, 
while it is eflfectually stopped by clay, or alumine. 

The solid compact soils such as are fit for com, owe their consist- 

823. How, and why does the fluoric acid destroy glass ? 

824. Why is it necessary to understand the nature of the earths ?r 
£35. From what does alumine derive its. name? 

826. What is the sulphat of alumine f 

82T;.Iti what b alumine chiefly founds 

8S8» In what kind of soil does^it occur most abundantly .^ 
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ence in a great measure to alumine ; this earth is therefore used to 
improve sandy or chalky soils, which do not retain a sufficient quan- 
tity of water for the purpose of vegetation. 

Alumine is the most essential ingredient in all potteries. It en- 
ters into the composition of brick, as well as that of the finest por^ 
celain : the addition of silex and water hardens it, renders it sus- 
ceptible of a degree of vitrification, and makes it perfectly fit for its 
various purposes. 

Caroline. I can scarcely conceive that brick and china should be 
made of the same materials. 

Mrs, B. Brick consists almost entirely of baked clay ; but a cer- 
tain proportion of silex is essential to the formation of earthen or 
stone ware. In the common potteries, sand is used for that purpose; 
a more pure silex is,* I believe, necessary for the composition of 
porcelain, as well as a finer kind of clay ; and these materials are, 
no doubt, Qiore carefully prepared, and curiously vsrrought in the 
one case than in the other. Porcelain owes its beautiful semi^trans- 
parency to a commencement of vitrification. 

Emily. But the commonest earthenware, though not transparent, 
is covered with a kind of glazing. 

Mrs. B. That precaution is equally necessary for use as for beau- 
ty, as the ware would be liable to be spoiled and corroded by a va- 
riety of substances, if not covered with a coatirTg of this kind. In 
j>orcelain it consists of enamel, which is a fine white opaque glass, 
formed of metallic oxyds, sands, salts, and such other materials as 
are susceptible of vitrification. The glazing of common earthen- 
ware is made chiefly of oxyd of lead, or sometimes merely of salt, 
which, when thinly spread over earthen vessels, will, at a certain 
heat, run into opaque glass. 

Caroline. And of what nature are the colors which are used for 
painting porcelain ? 

Mrs. 6. They are all composed of metallic oxyds ; so that these 
colors, instead of receiving injury from the application of fire, are 
strengthened and developed by its action, which causes them to uur 
dergo difi*erent degress of oxydation. 

Alumine and silex are not only often combined by art, but they 
have in nature a very strong tendency to unite, and aye found com- 
bined in dififerent proportions, in various gems and other mmerals, 
Indeed, many of the precious stones, such a^ ruby, qriental sap? 
phire, amethyst, f &c. consist chiefly of alumiAe, 

We may now proceed to the alkaline earths ; I shall say but a few 
words on barytes, as it is hardly ever used except iir chemical 

♦Porcelain clay, of which China ware is made, is found among 
granite rocks, and seems to owe its origin to the decomposition of a 
mineral called feldspar. Its composition is silex and alumine^ silex 
beino- the predominant ingredient. — C. 

■f The an^ethy^t is almosjt entirely composed of silex. — C. 

829. Wl^at is the use of alumine for purposes of vegretatioii ? 

830. What is the use of it in works of art .' 

831. To what is the transparency of porcelain owing ? 

832. Of what is the glazing of common earthen ware made .' 

833. What i« the nature of the colors which are used for painting 
porcelain? 
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laboratories. It is remaikable for its great weight, and Its strong 
alkaline properties, snch as destroying animal sobstances, turning 
^reen some blue vegetable colors, and showing a powerful attrao-^ 
tion for acids ; this last property it possesses to such a degree, par* 
ticnlarly with reg^ard to the sulphniic acid, that it will always de- 
tect its presence in any substance or combination whatever, by im- 
mediately uniting with it, and forming a sulphat of barytes. This 
renders it a very valuable chemical test. It is found pretty abun- 
dantly in nature in the state of carbonat* from which the pure earth 
can bie easily separated. 

The next earth we have to consider is Lims. This is a substance 
of too great and general importance to be passed over so lighdy as 
the last. 

Lime is strongly alkaline^ In nature it ia not met vnth in its 
simple state, as its affinity for water and carbonic acid is so great 
that it is always found combined with these substances, with which 
it forms the common limestone ; but it is separated in the kiln from 
these ingredients, which are volatilized whenever a sufficient degree 
of heat IS applied. 

Emily, rure lime, then, is nothing but limestone, which has 
been deprived, in the kiln, of its water and carbonic acid? 

Mrs. B. Precisely ; in this state it is called qvkk lime, and it is so 
caustic, that it is ^pable of decomposing the dead bodies of animals 
very rapidly, without their undergoing the process of putrefaction. 
I have here some quick lime, which is kept carefully corked up in 
a bottle to prevent the acc€^ of the air ; K)r were it all exposed to 
the atmosphere, it would absorb both moisture and carbonic acid 
gas from it, and be soon slaked. Here is also some limestone — we 
shall pour a little water on each, and observe the effects that result 
&om it. 

Caroline. How the quick lime hisses ? It is become excessively 
hot ! — ^Tt swells, and now it bursts and crumbles to powder, while 
the water appears to produce no kind of alteration on the lime- 
stone. 

Mrs. B. Because the limestone is already saturated with water, 
whilst the quick lime, which has been deprived of it in the kiln, 
combines with it with very great avidity, and produces this prodi- 
gious disengagement of heat, the cause of which I formerly explain- 
ed to you ; do you recollect it ? 

Emily. Yes ; you said that the heat did not proceed from the lime 

* The native carbonat of barjrtes is a rare mineral. It is a viru- 
lent poison. The sulphal of barytes is found in considerable abun- 
dance. — C. 

834. For what is baiyiea remarkable ? 

835. For what is it valuable ? 

836. Where is it abundantly found .' 

837. What is the reason that hme is not found in its simple state ? 

838. How does limestone differ from pure lime? 

839. What effect will quick lime have upon the dead bodies of ani- 
mals? 

840. What effect does the air produce on quick lime ? 
8tL What effect has water on it? 

842. Why will not water have an effect on limestone as Well M 
upon quick lime ? 
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6ut from the water, whidr was solidified, and thus parted with its 
heat of liquidity. 

Mrs. B, Very well. If we continne to add successiTe quantities 
of water to the lime, after being slaked and crumbled, as you see 
it will then gradually be diffused in the water, till it will at length 
he dissolved, in it, and entirely disappear ; but for this purpose it 
requires no less than 700 times its weight of water. This solution 
is called lime water.* 

Caroline, How very small, then , is the proportion of lime dissolv- 
ed? 

Mrs, B. Barytes is also of very difficult solution ; but it is much 
more soluble in the state of crystals. The liquid contained in this 
bottle is lime water ; it is often used as a medicine, chiefly, I believe, 
for the purpose of combining with, and neutralizing the superabun- 
dant acid which it meets with in the stomach. 

Emily. I am surprised that it is so perfectly clear ; it does not at 
all partake of the whiteness of the lime. 

Mrs. B. Have you forgotten that, in solutions,^ the soKd body is 
so minutely subdivided by the ^uid as to become invisible, and 
therefore, will not, in the least degree, impair the transparency of 
the solvent ? 

I said that the attraction of lime for carbonic acid Was so strong, 
that it would absorb it from the atmosphere. We may see this efiect 
by exposing a glass of lime water to the air ; the lime will then sep- 
arate from the water, combine with the carbonic acid, and re-ap- 
pear on the surface in the form of a white film, which is carbonat of 
lime, commonly called chalk. 

Caroline. Chalk is, then, a compound salt ! I nev?r should have 
supposed that those immense beds of chalk, that we see in many 
parts of the country, were a salt. Now the white film begin* to ap- 
pear on the surfiice of the water ; but it is far from resembling hard 
solid chalk. 

Mrs. B. That is owing to its state of extreme division ; in a lit- 
tle time it will collect into a more compact mass, and subside at the 
bottom of the glass. 

If you breathe into lime water, the carbonic acid which is mixed 
with the air that you expire, will produce the same effect. It is an 
experiment very easily made : — I shall pour some lime water into 
this ^lass tube, and by breathing repeatedly into it, you will soon 
perceive a precipitation of chalk. 

* To make lime wat^, take a piece of well burned lime, about 
the size of a hen's egg, put it into an earthen dish, and sprinkle wa- 
ter on it, till it falls into powder. Then pour on two quarts of boil- 
ing water, and stir it several times, after the lime has settled ; pour 
off the clear water and cork it for use. — C. 

843. Why \» heat disengaged when water is put upon quick lime ? 

844. How much water does it take to dissolve lime ?' '^ 

845. Is Barytes easily dissolved in water ? 

846. Why does not lime water partake of the whiteness of lime ? 

847. For what has lime a very strong attraction ? 

848. Why does a white film collect on the surface of lime water on 
being exposed to the air ? 

849. Why will lime water turn white if you breathe into it? 
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Emily. I see already a small white cloud formed. ^ 

M^s. B. It is composed of minute particles of chaSTvat present 
it floats in the water, but it will soon subside. 

Carbonat of lime, or chalk, you see, is insoluble in water, since 
the lime which was diBsolved, re-appears when converted into chalk ; 
but you must take notice of a very singular circumstance, which is, 
that chalk is soluble in water impregnated with carbonic acid. 

Caroline. It is very curious, indeed, that carbonic acid and gas 
should render lime soluble in one instance, and insoluble in the 
other ! 

Mrs. B. I have here a bottle of Seltzer water, which you know, 
is strongly impregnated with carbonic acid ; let us pour a little of 
it into a ^lass of lime water. You see that it immediately forms a 
precipitation of carbonat of lime ! 

Emily. Yes, a white cloud appears. 

Mrs. B. I shall now pour an additional quantityof the Seltzer 
water into the lime water. 

EmiJ(y. How singular ! The cloud is re-dissolved, and the liquid 
is again transparent. 

Mrs. B. All the mystery depends upon this circumstance, that 
carbonat of lime is soluble in carbonic acid, whilst it is insoluble in 
water ; the first quantity of carbonic acid, therefore, which I intro- 
duced into the line water, was employed in forming the carbonat 
of lime, which remained visible, untd an additional quantity of car- 
bonic acid dissolved it. Thus, you see, when the lime and carbonic 
acid are in proper proportions to form chalk, the white cloud ap- 
pears ; but when the acid predominates, the chalk is no sooner form- 
ed than it is di^-solved. 

Caroline. That is now the case ; but let us try whether a further 
addition of lime water will again precipitate the chalk. 

Emily. It does, indeed ! The cloud re-appears, because, I sup- 
pose, rhere is now no more of the carbonic acid than is necessary 
to form chalk ; and, in order to dissolve the chalk, a superabun- 
dance of acid is required. 

Mrs. B. We have, I think, carried this experiment far enough ; 
every repetition would but exhibit the same appearance. - 

Lame combines with most of the acids, to which the carbonic (as 
being the weakest) readily jrields it; but these combinations we 
shall have an opportunity of noticing more particularly hereafter. 
It unites with phosphorus, and with sulphur, in their simple state ; 
in short, of all the earths, lime is that which nature employs most 
frequently, and most abundantly, in its innumerable combinations. 
It is the basis of all calcareous earths and stones ; we find it like- 
wise in the animal and vegetable creations. 

Emily. And in the arts is not lime of very great utility ? 

Mrs. B. Scaieely any substance more so ; you know that it is a 

850. What is thcTchemical name of chalk ? 

851. What is the process of making lime toater f 
858. How may chalk be diBsolved ? 

853. What wOl be the result if Seltzer water be poured into limt 
water ? 

854. What is the basis of all calcareous earths and stones ? ^ c. "- 

855. Of what use is lime in the arts ' 
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most essential requisite in boilding, as it constitutes the basis of all 
cements, such as mortar, stucco, plaster, &c. 

lime is also of infinite importance in agriculture ; it lightens and 
warms soils that are too cold and compact, in consequence of too 
great a proportion of clay. But it would be endless to enumerate 
Sie yarious purposes for which it is employed ; and you know enough 
of it, to form some idea of its importance ; we shall, therefore, now 
proceed to the third alkaline earth, magnesia. 

Caroline. I am already pretty well acquainted with that earth ; 
it is a medicine. 

Mrs, B. It is in the state of carbonat that magne^a is usually 
employed medicinally ; it then differs but little in appearance from 
its simple form, which is that of a very fine light white powder. 1^ 
dissolves in SCiQO times its weight of water, but forms with acids 
extremely soluble salts. It has not so great an attraction for acids 
as lime, and consequently yields them to the latter. It is found in 
a great variety of mineral combinations, such as slate, mica, ami- 
«nUius ; and more particularly in a certain limestone, wMeh has 
been discovered by Mr. Tennant to contain it in very great quan- 
tities. It does not attract and solidify water, like lime ; but when 
mixed with water and exposed to the atmosphere, it slowly absorbs 
carbonic acid from the latter, and thus loses its causticity. , Its 
chief use in medicine is, like that of lime, derived from its readi- 
ness to combine with, and neutralize, the acid which it meets with 
in the stomach. 

Emily, Yet, you said that it was taken in the state of carbonat, 
in which case, k has already combined with an acid ? 

Mrs, B. Yes ; but the carbonic is the last of all the acids in the 
order of aflinities ; it will therefore yield the magnesia to any of 
the others. It is, however, iirequently taken in its caustic state as 
a remedy for fiatulence. Combined with sulphuric add, magnesia 
forms another and more powerful medicine commonly caUed i^sem 
salt, 

Caroline. And properly, sulphcA of magnesia, I suppose ? Pray, 
Iiow did it obtain the name of Epsom fialtf 

Mrs. B, Because there is a spring in the neighborhood of Epsom 
which contains this salt in great abundance. 

The last alkaline earth which we have to mention is sthon- 
TiAN, or sTRONTiTEs, discovercd by Dr. Hope a few years ago. 
It so strongly resembles barytes in its properties, and is so sparingly 
found in nature, and of so little use in the arts, that it will not be 
necessaiy to enter into any particulars respecting it. One of the 
remarkable characteristic properties of strontites is, that its salts, 
when dissolved in spirits of wine, tinge the flame a deep red, or 
blood color. 

856. Of what use is lime in agriculture .' 

857. What is the simple form of magnesia i 

858. Does it attract water ? 

859. What is its chief use in medicine .' 

860. In what state is it used in medicine? 

861. What does it form combined with sulphuric acid? 

862. Why is the sulphat of magnesia called Epsom salt? 
'663. Is strontian of any use ? 

«864. What is one of the remarkable properties of strootitesf 

18 
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COKTERSATION XTI. 

ON ACIDS. 

Mrs, B. We may now proceed to the acids. Of the metallic 
ozyds, you have already acquired some general notions. This 
subject though highly interesting in its details, is not of sufficient 
importance to our concise view of diemistry, to be particularly 
treated of ; but it is absolutely necessary that you should be better 
acquainted with the acids, and likewise with their combinations 
with the alkalies, which form the triple compounds, called irsir- 

TRAL SALTS. 

This class of acids is characterized by very distinct properties. 
They all change blue vegetable infusions to a red cofor ; they are 
more or less sour to the taste ; and have a genei^ tendency ta 
combine with the earths, alkalies and metallic oxyds. 

You have,- 1 believe, a clear idea of the nomenclature by which 
the base (or radical) of the acid, and the various degrees of acidifi- 
cation, are expressed ? ' 

thuly,. Yes, I think fi(o ; the acid is distinguished by the name of 
its-base, and its degr^ of oxydation, that is, the quantity of oxygen 
it contains, by the termination of that name in ous or ic; thus sul- 
phureot^ acid, is that formed from the smallest proportion of oxygen 
combined with sulphur ; sulphuric acid is that which results from 
the combination of sulphur with the greatest quantity of oxygen. 

Mrsi B. A still gteater latitude may, in many cases, be aUowed 
to the proportions of oxygen that can be combined with acidifiable 
radicals ; for several of these radicals are suscCFptible of uniting with 
a quantity of oxygen so small as to be insufficient to give them the 
properties of acids ; in these cases, therefore, they are converted 
into oxyds. Such is sulphur, which, by exposure to the atmos- 
phere with a degree of heat inadequate to produce inflammation, 
absorbs a small proportion of oxygen, which colors it red or brown. 
This, therefore, may be considered as the first degree of oxygena- 
tion of sulphur ; the 2d converts it into sulphureot^ acid ; the 3d 
into the sulphuric acid ; and 4thly, if it was found capable of com- 
bhiing With a still larger proportion of oxygen, it would then be 
termed iuper-OTugenaied sulphuric add, 

Emilv. Are tnese various degrees of oxygenation common to aB 
the acids ? 

Mri. B. No ; they vary much in this respect ; some are suscep- 
tible of only one degree of Oxygenation ; others of two or three : 
there are but veiy few that will admit of more. 

665. What is an acid ? 

866. How are acids distingrushed? 

867. What is meant by the radical of an a6id ? 

868. What substance unites to the radical to form an acid ^ 

869. How does the language of ohemiirtfy distinguish the stronger 
iirom the weaker acid ? 

870. What term is used to denote the first degree of oxygenation ? 

871. When a radical unites with another proportion of'^oiygen after 
iSiat denoted by tc, what term is used ? 

872. Are all acids susceptible of the same degree <^ ozygenatioB ^ 
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CaroKne, The modem nomenclatare must be of immense advan- 
tage in pointing out so easily the nature of the acids, and their 
various degrees of oxygenation. 

Mrs, j5. Till lately many of the acids had not been decomposed ; 
bat analogy a^brded «o strong a proof of their compound nature, 
that I could n^Ver reconcile myself to classing them with the simple 
bodies, though this division has been adopted by several chemical 
writers. At present the muriatic and the fluoric are the only acids 
which have not had their bases distinctly separated. 

Caroline. We have heard of a great variety of adds *; pray how 
many are there 4n all? 

Mrs. B. I believe there are reckoned at present thirty-four, and 
their number is constantly increasing as the science improves ; but 
the most important, and those to which we shall almost entirely 
confine our attention, are but few. I shall, however, give you a 
general view of the whole ; and then we shall moie paarticularly 
examine those that are the most essential. 

This class of bodies waa formerly divided into rainerad, ^^esetable 
and animal acids, according to the substances from which they 
were commonly obtained. 

CaroUne. Tnat, I should think, must have bjeen an excellent ar- 
rangement ; why was it altered ? 

Mrs. B. Beeau&e, in many cases it produced eoefu^on. In which 
class, for instance, would you place carbonic acid? 

Caroline. Now I perceive the difficulty. I should be at a loss 
where to place it, as yo.u have told us that it exists in the animal, 
vegetable, and mineral kingdoms. 

ISmily. There would be the same objection with respect to 
phosphoiic, which, though obtained chiefly from bones, can also, 
you said, be found in quantities in stones, and likewise in some 
plants. 

Mrs. B. Yott 43ee, therefore, the propriety of changing this mode 
of classification. These objections do not exist in the present no- 
menclature ; for the composition and nature of each individual acid 
is in some degree pointed out, instead of the dass of bodies from 
which it is extracted ; and, with regard to the more general divi- 
sion of acids, they are classed under these three heads t 

Fi^, Acids of known or supposed simple bases, which are 
formed by the union of these bases with oxygen. They are the 
following : 
• I « 1 '■ " ■ 

873. How many acids are there ? o ^/ 

874. How were acids formerly divided ? 

875. What objection was there to this division ? 

8716. Under how many general heads or divisions are ac^ds at present 
placed ? ^ 
877. What kind of acids make the first class ? 
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►Adds of known and simple bsusev. 



The iS^pAtfrtc ' 

Carbonic 

Nitric 

Phosphoric 

Arsenkdl 

Tungstemc 

MoJybdenic 

Boradc 

Fluoric 

Muriatic 

This class comprehends the most anciently known and most im^ 
portant acids, 'lvlc snlphuiic, nitric, and muriatic, were formerly, 
and are still frequency called mineral adds. 

3dly. Acids that hare double or binary radicals, and whidi eon* 
sequently conmst of triple combinations. These are the yegetable 
acids, whose common radical is a compound of hydrogen and earixm. 
Caroline. But if the basis of all the vegetable acids be the same 
it should form but one acid ; it may indeed combine with different 
proportions of oxygen, but the nature of the acid must be the same. 
Mrs. B. The only difference that exists in the bases of vegetable 
acids, is the various proportions of hydrogen and carbon from 
which they are severally composed. But th£ is enough to produce 
a number of acids apparently very dissimilar. That they do not 
However difler essentially, is proved by their susceptibility of being 
converted into each other, byHhe addition or subtraction of a por- 
tion of hydrogen or carbon. The names of these acids are, 
The Acetic 

CkKUic 

Tartcarous 

Citric 

Malic 

Gallic 

Mucous 

Benzoic 

Succinic 

Camphoric 

Suberic 

The 3d class of acids consists of those which have triple radicals, 
and are theiefore of a still more compound nature. This clas& 
comprehends the animal acids, which are. 
The Lactic 



»> Acids of double bases, being of vegetable origin. 



Prussic 
Formic 
Bombic 
Sebacic 
2^onic 
Lithic 



>- Acids of triple bases, or animal acids. 



878. What.are their names ? 

879. What ones of this class are called mineral addsf 

880. What ones make the second division ? 

881. What is the common radical of vegetable acids ? 

882. What is the difl^rrence in the bases of vegetable acids ' 

883. What are the names of the vegetable acids ? 

884. What ones make the third division of acids ' 

885. Name the acids with triple radicals. 
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I hare gireii yoa tiuB summary account or enumeration of tbe 
•ends, as you may find it more satisfactory to have at onoe an ou^ 
line or a general notion of the extent of the subject : but we shall 
now eon&e ourselyes to the first class, which requires our more 
immediate attention; and defer the few remarks which we sh>ll 
have to make on the others, M we treat of the chemistry of the 
animal and vegetable kingdoms. 

The acids of simple and known radicals are in most instances 
capable of being decomposed by combustible bodies, to which they 
yieid their oxygen. If, for instance, I pour a drop of sulphuric 
acid on this piece of iron, it will produce a spot of rust ; you know 
what it is ? 

Caroline, Yes ; it is an oxyd, formed by the oxygen of the acid 
combining with the iron. 

Mrs, S, In this case you see the sulphur deposits the oxygen by 
which it was acidified on the metal t And again, if we pour some 
acid on a compound combustible substance, (we shall try it (m this 
piece of wood) it will combine with one or more of the constituents 
of that substance, and occasion a decomposition. 

Emily, It has changed the color of the wood to black. How 
is that? • 

Mrs, B. The oxygen deposited by the acid has burnt it ; you 
know that wood in burning becomes black before it is reduced to 
ashes. Whether it derives the oxygen which burns it from the 
atmosphere, or from any other source, the chemiesd effect on the 
wood ia the same. In the case of real combustion, wood becomes 
black, because it is reduced to the state of charcoal by the evapora- 
tion of its other constituents. But can you tell me the reason why 
wood turns black when burnt by the application of an acid ? 

Caroline. First tell me what are the ingredients of wood ? 

Mrs. B, Hydrogen and carbon are the chief constituents of wood, 
as of all other vegetable substances. 

Caroline, Well, then, I suppose that the oxygen of the acid 
combines with the hydrogen or the wood, to form water ; and that 
the carbon of the wood, remaining alone, appears of its usual black 
color. 

Mrs. B. Very well indeed, my dear ; that is certamly the most 
plausible explanation. 

Emily. Would not this be a good method of making charcoal ? 

Mrs. B. It would be an extremely expensive, and I believe very 
imperfect method ; for the action of the acid on the wood, and the 
heat produced by it, are faur from sufficient to deprive the wood of 
all its evaporable parts. 

Caroline, What is the reason that vinegar, lemon, and the acid 
of fruits, do not produce this effect on the wood ? 

Mrs, B, They are vegetable acids whose bases are composed of 

886. How can acids of simple radicals be decomposed ? 

887. If a drop of sulphuric acid falls on a piece oi iron, why does it 
produce rust? 

888. Why does acid turn wood black ? 

889. Why does wood become black in real combustion f 

890. What are the chief constituents of wood ? 

891. Why does not vinegar, lemon, and the other vegetable acids 
produce the same effect on wood } 
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hydrogen and carbon ; the oxygen, therefore, will not be disposed 
to quit this radical, where it is abrmuiy united with hydrogen. The 
strongest of these may, perhaps, yield a little of their oxygen to 
ibe wood, and produce a stain upon it, btit the carbon will not be 
sufficiently uncovered to assume its black c(dor. Indeed, the sot- 
eral mineral acids themselves possess this power of -charring wood 
in very different degrees. 

Enufy, Cannot vegetable acids be decomposed, by any combus- 
tibles? 

Mrs, B. No : because their radical is composed of two sub- 
stances which have a greater attraction for oxygen than any kno mt 
body. 

CaroHne, And are those strong acids, which bum and decompose 
wood, capable of producing simuar effects on the skin and flesh of 
animals? 

Mrs. B. Yes; all the mineral acids, and one of them more espe- 
cially, possess powerful caustic qualities. They actually corrode 
and destroy the skin and flesh ; but they do not produce upon -these 
exactly the same alteration they do on wood, probably because 
there is a great proportion of nitrogen and other substances in 
animal matter, which prevents the separation of carbon from being 
so conspicuous^ n .. 



CONTERSATION XVU. 

OF THE SULPHURIC Ain> PHOSPHORIC ACIDS ; OR 1*BE CK>MBmA- 
TIONS OF OXTGEN WITH SULPHUR AND PHOSPHORUS; AND OF 
THE SUIf HATS AND PHOSPHATS. 

Mrs. B. In addition to the general survey which we have taken 
of acids, I think you will find it interesting to examine individually, 
a few of the most important of them, and likewise some of their 
principal combinations with the alkalies, alkaline earths, and met- 
als. The first of these acids, in ^int of importance, is the sul- 
phuric, formerly called oil of viirtol. 

Caroline. I have- known it a long time by that name, but had no 
idea that it was the same fluid as sulphuric acid. What resemblance 
or connection can there be between oil of vitriol and this acid ? 

Mrs. B. Vitriol is the common name for sulphat of iron, a salt 
which is formed by the combination of sulphuric acid and iron : the 
sulphuric acid was formerly obtained by distillation from this salt, 
and it very naturally received its name from the substance which 
afforded it. 

892. Why cannot vegetable acids be decomposed hy combustibles ? 

893. Do the mineral acids have the same effect on the skin and flesh 
of animals as on wood .' 

894. If they do not what is the reason ? 

895. What is the proper chemical name oi* oil of vitriol f 

896. Why was it called oil of vitriol ^ 
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CaroUne, Bat it is stQl ui^oally ckUeid ojl of vitriol ? 

Mrs, B, Yes ; a sofficient length of time has^qt yet elapsed, 
since the invention of the new nomenclature, for it to be generally 
disseminated ; but as it is adopted bv all scientific chemists, there . 
is every reason to suppose that k will gradually become universal. 
When I received this botJ;le from the chemists, oU of vitriol was 
inscribed on the label ; but as I knew you were very punctillious in 
regard to the nomenclature, changed it and substituted the words 
sulphuric acid, 

MrUly, This acid has neither color nor smell, but it appears 
much thicker than water. 

Mrs. B, It is nearly twice as heavy as water, and has, you see, 
an oily consistence. 

Caroline, And it is probably from this circumstance that it has 
been called an oil; for it can have no real claim to ^at name, as it 
does not contain eithef hydrogen or carbon, which are the essential 
constituents of oil. 

Mrs. B. Certainly, and therefore it would be the more absurd to 
retain a name which owed its origin to suph a mistaken analogy. 

Sulphuric acid, in its purest state would probably be a concrete 
substsmce, but its attraction for water is such, that it is impossible 
to obtain that acid perfectly free from it; it is therefore, always 
seen in a liquid fgrm, such as you here find it. One of the most 
striking properties of sulphuric acid is that of evolving a consider- 
able quantity of heat when mixed with water ; this I have already 
shown you. 

Emily. Yes, I recollect it ; but what was the degree of heat pro- 
duced by that mixture ? 

Mrs. B. The thermometer may be raised by it 300 degrees, ' 
which is considerably above the temperature of boiling water. 

Caroline. Then the water may be made to boil in that mixture ? 

Mrs. B. Nothing more easy, provided that you employ sufficient 
quantities of acid and of water, and in the due proportions. The 
greatest heat is produced by a mixture of one part of water to four 
of the acid ; we shall make a mixture of these proportions, and 
immerse in it this thin glass tub6, which is full of water. 

Caroline. The vessel feels extremely hot, but the water does not 
boil yet. 

Mrs. B. You must allow some time for the heat to penetrate the 
tube, and raise the temperature of the water to the boiling point — 

Caroline. Now it boils, and with increasing violence. 

Mrs. B. But' it will not continue boiling long; for the mixture 
gives out heat only while the particles of the water and the acid are 
mutually penetrating each other ; as soon as the new arrangement 

897. What is the color and smell of this acid ? 

898. What is its weight? 

899^ What would sulphuric acid be in its purest state ? 

900. What is the consequence of mixing it with water ? 

901. What is one of its most striking properties P 

902. How high may a thermometer be raised by it ? 

903. In what proportions must sulphuric acid and water be mixed in 
order to produce the greatest degree of heat ? 

904. Why does the mixture of sulphuric acid and water give out 
heat only for so short a time? 
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of these putkieB is eiected, tlie nixbire wiH gndoally eool, and 
the water retom to its former temperature. 

Too ha?e seen the mamier in which snlphmie add decomposes 
aD combostible sobstances, whether animal, Tegetable,^Mr mineral, 
ai^ boms them by means of its oxygen ? 

Caro&ne. I have very unintentionSly rq>eated the experimoit on 
my ^wn, by letting a drop c^the acid fiiD upon it, and it has made 
a stain, which I soppose inll neror wash out. 

Mrs, B, No, certainly ; for before you can put it into water, the 
spot will become a hole, as the add has literally burnt the muslin. 

Caroline. So it has, indeed ! Well, I will fiisten the stopper, 
and put the bottle away, for it is a dangerous substance. Oh, now 
I have done worse still, for I have spilt some on my hand ! 

Mrs, B. It is then burned, as well as your gown, for you know 
that oxygen destroys animal as well as Yegetsu>le matter ; and as 
fiur as the decomposition of the skin of your finger is efiected, there 
is no remedy ; but by washing it immediately in water, you will 
dilute tbe acid, and prevent any further injury. 

Caroline. It feels extremely hot, I assure jrou. 

Mrs. B. Tou have now learned, by experience, how cautioudy 
this acid must be used. You will soon become acquainted with 
another add, the nitric, which, though it produces less heat on the 
skin, destroys it still quicker, and makes upon it an indelible stain. 
Tou should neyer handle any substance or this kind without pre* 
viously dipping your fingers into water, which will weaken their 
caustic e^Bt. But, since you .will not repeat the experiment, I 
must put in the stopper, for the acid attracts the moisture from the 
atmosphere, which would destroy its strength and purity. 

Ermhf. Pray, how can sulphuric add be extracted from sulphat 
of iron by disollation ? 

Mrs. 6. The process of distillation, you know consists in sepa- 
rating substances from one another, by means of their different 
degrees of volatility, and by the Introduction of a new chemical 
agent, caloric. - Thus, if sulphat of iron be exposed in a retort to a 
proper degree of heat, it will be decomposed, and the sulphuric add 
will be volatiJized. 

EmUy. But now that the process for forming acids, by the com- 
bustion of their radixsals is known, why should not this method be 
used for making sulphuric acid ? 

Mrs. B. This is actually done in most manufactures ; but the 
usual method of preparing sulphuric acid does not consist in burn* 
ing the sulphur m oxygen gas (as we formerly did by way of 
experiment,) but in heating it together with another substance, 
nitre, which jdelds oxygen in sufficient abundance to render the 
combustion in common air rapid and complete. 

Caroline. This substance, then, answers the same purpose as 
oxygen gas ? 

Mrs. B, Exactly. In manufactures, the combustion is performed 
in a leaden chamber, with water at the bottom, to receive the vapor 
and assist its condensation. The combustion is, however, never 
so perfect but that a quantity of stdplmreous acid is formed at the 

905. How does sulphuric acid compare with nitric acid ? 

906. In what consists the process of distillation ? 

907. How is sulphuric acid obtained ? 
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> time ; for, if yoa recollect that the solphureoiifl acid, accord-* 
hig to the chemical nomeaclature, differs from the sulphuric only 
1^ containing lees oxygen. 

Yrom its own powerfol properties, and from the tarioas combi' 
nations into which it enters, sulphuric acid is of great importance 
in many of the arts. 

It is used also in medicine in a state of great dilution ; for were 
it taken internally, in a concentrated state, it would prove a most 
dangerous poison.* 

Oiroline. I am sure it would bum the throat and stomach. 

Mrs. B. Can you think of any thing that would prove an anti-* 
dote to this poison ? 

Caroline, A large draught of water to dilute it. 

Mrs. B. That would certainly weaken the caustic power of the 
* acid, but it would increase the heat to an intolerable degree. Do 
you recollect nothing that would destroy its deleterious properties 
more effectually? 

Emily. An alkdi might, by combining with it ; but then a pure 
alkali is itself a poison, on account of its causticity. 

Mrs. B. There is no necessity that the alkaU should be caustic* 
Soap, in which it is combined with oil ; or magnesia, either in the 
state of carbonat, or mixed with water, would prove the best 
antidote. 

Emily. In those cases Chen, I suppose, the potash and the ma^* 
nesia would quit their combinations to form salts with the sulphune 
add? 

Mrs. B. Precisely. 

We may now make a few observations on the sulphureous acid, 
which we have found to be the product of sulphur slowly and im- 
perfectly burnt. This acid is distinguished by its pungent smell, 
and its gaseous form. 

Caroline. Its aeriform state is, I suppose, owing to the smaller 
proportion of oxygen, which renders it lighter than sulphuric acid ? 
^ Mrs. B. Probably ; for by adding oxygen to the weaker acid, 
It may be converted into the stronger kind. But this change of 
state may also be connected with a change of affinity with regard 
to caloric. 

Emily. And may sulphureous acid be obtained from sulphuric 
acid by a diminution of oxygen ? 

Mrs. B. Yes ; it can be done by bringing any combustible sub- 
stance in contact with the acid. This decomposition is most easily 
performed by some of the acids; these absorb a portion of the 
ojnrffen from the sulphuric acid, which is thus converted into the 
sulmiureous, and flies off in its gaseous form. 

Caroline. And cannot the sulphureous acid itself be decomposed 
and reduced to sulphur ? 

Mrs. B. Yes ; if this gas be heated m contact with charcoal, the 
oxygen of the gas will combine with it, and the pure sulphur will 
be regenerated* 

908. How does sulphureous acid differ from sulphuric ? 

909. What would prove the best remedy to a person who had swal- 
lowed sulphuric acid :* 

910. How may sulphureous acid be obtained ? 

911. How can the sulphuric acid be changed to the sulphureous? 

912. How can sulphureous acid he reduced to sulphur ? 
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SalphoTeoiis acid is readily abeoibed by water ; and in this liqnid 
state It is foond particolariy useful in bleaching linen and woollen 
cloths, and is much used in manu&ctures for those purposes. I 
can show you its eflfects in destroying colors, by taking out Tegeta- 
ble stains — ^I think I see a spot on your gown, £mily, on which we 
may try the experiment. 

ihvify. It is the stain <^ mulberries: but I shall be almost afraid 
of exposing my gown to the en>eriment, after seeing the efiect 
which the sulphuric acid produced on that of Caroline — 

Mrs, B, There is no such danger from the sulphureous ; but the 
experiment must be made with great caution, for>during the forma- 
tion of sulphureous acid by oomoustion, there is always some sul- 
phuric produced. 

Caroline. But where is your sulphureous acid ? 

Mrs, B, We may easily prepare some ourselves, simply by burn- 
ing a match ; we must first wet the stain with water, and now hold 
it m this way, at a distance over the hghted match ; the vapor that 
aiises from it is sulphureous 'acid, and the stain, you see^ gradually 
disappears. 

^mUy, I have frequently taken out st^uns by this means, without 
understanding the nature of the process. But why is it necessary 
to wet the stain before it is exposed to the acid fumes ? 

Mrs. B, The moisture attracts and absorbs the sulphureous acid ; 
and it serves likewise to dilute any particles of sulphuric acid which 
might injure the linen. 

Sulphur appears to be susceptible of a third combination of oxy- 
gen in which the proi>ortion of the latter is too small to render the 
sulphur acid. It acquires this slight oxygenation by mere exposure 
to the atmosphere, without any appUcation of heat ; in this case 
the sulphur does not change its natural form, but is only discolored, 
being changed to red or brown, a state in which it may be coni^d- 
ered an oxyd of sulphur. 

Before we take leave of the sulphuric acid, we shall day a few 
words of its principal combinations. It unites with all the alkalies, 
alkaline earths and metals, to form compound salts.. 

Caroline, Pray, give me leave to interrupt you for a moment: 
you have never mentioned any other salts than the compound or 
neutral salts ; is there no other kind ? 

Mrs, B, The term salt has been used, from time immemorial, as 
a kind of general name for any substance that has savor, odor, 
is soluble in water, and crystalUzable, whether it be of an acid, an 
alkaline or compound nature ; but the compound salts alone retain 
that appellation in modem chemistry. 

The most important of the salts forn^ed by the combination of the 
sulphuric acid, are, first, sulpfuU of potash, formerly called salpofy- 
chrest : this is a very bitter salt, much used in medicme ; it is found 
in the ashes of most ve^tables, but it may be prepared artificially 
by the immediate combmation of sulphuric acid and potash. This 

913. What important use is made of this acid ? 

914. What is the easiest process for making this acid ? 

915. How would you describe a third combination of sulphur ivith 
oxvgen ? 

916. With what does sulphuric acid unite ? 

917. What is the meaning of the term paitf 
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sadt is easily soluble in boiling water. Solubility is, indeed, a prop- 
erty common to all salts ; and they always produce cold in melting. 

Emily, That most be owin^ to the caloric which they absorb m 
passing from a solid to' a fluid form. 

Mrs. B, That is, certainly, the most probable explanation. 

Suhhat of Soda, commonly called Glauber's salt, is another me- 
dicinal salt, which is still more bitter than the preceding. We must 
prepare some of these compounds, that you may observe the phe- 
nomena which take place during their formation. We need only 
pour some sulphuric acid over the soda which I have put into this 
glass. 

CaroUne, What an amazing heat i? disengaged !— I thought you 
said that cold was produced by the melting of salts ? 

Mrs. B. But you must observe that we are now making, not meU- 
ing a salt* Heat is disencfaged during the formatibu of compound 
saJtS) and a faint light is aoso emitted, which may sometimes be per 
ceired in the dark. . 

Emily. And is this heat and light produced by the union of the 
opposite electricities of the alkali and the acid ? 

Mrs. B. No doubt it is, if that theory be true. 1 

Caroline. The union of an acid and an alkali is then an actual 
combustion I 

Mrs. B. Not precisely, though there is certainly much analogy 
in these processeok 

Caroline. Will this sulphat of soda become solid ? 

Mrs. B. We have not, I suppose, mixed the acid and the alkali 
- In the exact proportions which are required for the formation of 
the salt, otherwise the mixture would have been almost immediate- 
ly changed to a solid mass ; but in order to obtain it in crystals, as 
you see it in this bottle, it would be necessary first to dilute it with 
water, and afterwards to evaporate the water, during which opera- 
tion the salt would gradually crystallize. 

Caroline. But of what use is the addition of water, if it is after- 
wards to be evaporated ? ^ ' 

Mrs.'B. When suspended in water, the acid and the alkali are 
more at liberty to act on each other, their union is more complete, 
and the salt assumes the regular form of crystals during the slow 
■evaporation of its solvent. 

Sulphat of soda liquefies by heat and effloresces in the air. 

Emily. Pray what is the meaning of the word effloresces ? I do 
not recollect your having mentioned it before. 

Mrs. B. A salt is said to effloresce when it loses its water of crys- 
tallization on being exposed to the atmosphere, and is thus gradual- 
ly converted into a dry powder : you may observe that these crys- 
tals of sulphat of soda are far firom possessing the transparency 
which belongs to their crystalline state ; they are coverea v\rith a 
white powder, occasioned by their having been exposed to the at- 
mosphere, which has deprived their surface of its lustre, by absorb- 
ing Its water of crystaDization. Salts are, in general, either efflor' 
escent or deliquescent ; this latter property is precisely the reverse of 

918. Why do the salts produce cold in meltioff ? 

919. By what name is the sulphat of soda called ? 

920. How can sulphat of soda be formed ? 

921. Wiiat is the sigaification of the word efflorescea? 
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tiw fomer ; that k to say, deliqiiescent salts absoib water horn, the 
atmosphere, and are moistened and gradually melted by it. Mnriat 
of lime ib an instaaoe of great deliquescence. 

Emify, But are there no salts that have the same degiee oi at* 
traction for water as the atmo^here, and that will consequently not 
beaflectedbyit? 

Mrs. B, Yes : there are many such salts, as, for instance, com- 
mon salt, sulphat of magnesia, and a variety of others. 

Suiphat of lime is very frequently met with in nature, and consti* 
tutes the well known substance called gypsum ox plaster of parts, 

Sulphat of magnesia, commonly called JJp^om salt is another very 
bitt«rr medicine, wMch is obtained fix>m sea-water and from several 
epriags, or may be prepared by the direct combination of its ingre- 
dients. 

We have formerly mentioned sulphat of aktmine as constituting 
the conmion ahan ; it is found in nature chiefly in the neighborhood 
of volcanoes, and is paurticularly useful in the arts, firom its strong 
astringent qualities. It » chiefly employed by dyers and calico* 
printers, to fix colors ; and is used also in the manu&cture of some 
kinds of leather. 

Sulphuric acid combines also with the metals. 

Caroline, One of these combinations, sulphat of iron, we are al* 
ready well acquainted with. 

Mrs. B. This is the most important metallic salt formed by sul- 
phuric acid, and the only one which we shall here notice. It is of 
great use in the arts ; and in medicine it afibrds a very valuable 
tonic ; it is of this salt that most of those preparations called steei 
medicines are composed. 

CaroUne. But does any carbon enter into these compositions to 
form steel ? 

Mrs, B. Not an atom; they are, therefore, very improperly call- 
ed steel ; but it is the vulvar appeUation, and medical men them- 
' selves often comply with the general custom. 

Sulphat of iron may be prepared, as you have seen, by dissolving 
iron in sulphuric acid : but is generally obtained from the natunu 
production called Pyrites, which being- a sulphuret of iron, requires 
only exposure to the atmosphere to be oxydated, in order to form 
the salt ; this, therefore, is much the most easy way of procuring 
it on a larffe scale. 

Emily. 1 am surprised to find that both adds and compound salts 
«re generally obtained from their various comlunatidtis, rather than 
from the immediate union of their ingredients. 

Mrs, B. Were the sample bodies always at hand, their combina- 
tions would naturally be the most convenient method of forming 
compounds : but you must consider that, in most instances, there is 
^eat difficulty and expense in obtainmg the aimple ingredient from 

922. What is the signification of the word deliquescent ? 

923. What substance is frequency found in nature, the same as 
«ulphat of lime ? 

^QA. From whatsis sulphat of magnesia obtained? 

925. Where is the sulphat of alumine chiefly found ? 

926. For what purpose is it -used ? 

927. From what is the sulphat of iron obtained ? 

928. How is sulphat of iron manu&ctured in the lai^e w^y* 
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their combinations ; it is, therefore, often more expedient to procnre 
componnds from the decomposition of other compounds. , jBut, to 
return to the sulphat of iron. There is a certain vegetable acid call- 
ed gallic add, wliich has the remarkable property of precipitating 
this salt black — ^I shall pour a few drops of the gallic acid into this 
solution of sulphat of iron — 

Caroline, It is become as black as ink ! 

Mrs. B. And it is ink in reality. Common writing ink is a pre- 
cipitate of sulphat of iron by gallic acid ; the black color is owing 
to the formation of ffallat of iron, which being insoluble, remains 
suspended in the fluid. 

This acid has also the property of altering the color of iron in its 
metallic state. You may frequently see its effect on the blade of a 
knife, that has been used to cut certain kinds of fruits. 

Caroline, True; and that is, perhaps, the reason that a silver 
knife is preferred to cnt fruits ; the gaflic acid, 1 suppose, does not 
act upon silver. — ^Is this acid found in all fruits ? 

Mrs. B. It is contained, more or less, in the rind of most fruits 
and roots, especially the radish, which, if scraped with a steel or iron 
knife, has its deep red color changed into a deep purple, the knife 
being at the same time blackened. But the vegetable substance 
in which the gaUic acid most abounds, is nutgall, a kind of ex- 
crescence that grows on oaks, and from which the acid is commonly 
obtained for its various purposes. 

Mrs. B. We now come, to the phosphoric and phosphorus 
ACIDS. In treating of phosphorus, you have seen how these acids 
may be obtained from it by combustion. 

jbmUy. Yes ; but I should be much surprised if it was the usual 
method of obtaining them, since it is so very difficult to procure 
phosphorus in its pure state. 

Mrs. B, You are right, my dear; the phosphoric acid, for gene- 
ral purposes, is extracted from bones, in which it is contained in the 
state of phosphat of lime ; from this salt the phosphoric acid is sepa- 
rated by means of the sulphuric, which combines with the lime. 
In its pure state, phosphoric acid is either liquid or solid, according 
to its degree of concentration. 

Among the salts formed by this acid, phosphoTof lime is the only 
one that affords much interest ; and this, we have always observed,, 
constitutes the basis of all bones. It is also found in very small 
quantities in some vegetables. 

929. How may the sulphat of iron be turned black ? 

930. Why is the knife turaed black in cutting fruit ? 

931. In what vegetable substance does gallic acid mostly abound ? 

932. Where is the phosphat of lime found ? 

19 
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COICTERSATION XYIII* 

OF TOE HITRIC AND CARBONIC ACIDS ; OR TO COMBUfATTOlVS 
OF OXTGElf WITH NITROOfilf Ain>- CARBOIf; AND OF THK 
NITRAT8 AND CARBONATS. 

Mrs, B, Izm almoet afraid of introducing the subject of the wi- 
TRIO ACID, as I am sure that I shall be blamed by Caroline for not 
having made her acquainted with it before. 

Caroline. Why so, Mrs. B. ? 

Mrs, B, Because you hare long known its radical, which is ni- 
trogen, or azote; and in trealingr of that element, I did not even 
hint that it was the basis of an a^. 

Caroline, And what could be your reason for not mentioning this 
acid sooner I 

Mrs. B. I do not know whether you will think the reason suffi- 
ciently good to acquit me ; but the omission, I assure you, did not 
proceed from neghgence. You may recollect that nitrogen was one 
of the first simpk bodies which we examined ; you were then igno- 
rant of the theory of combustion, which I believe was, for the first 
time, mentioned m that lesson ; and therefore it would have been 
in vain, at any time, to have attempted to explain the nature and 
formation of acids. 

CarelJTte. I wonder, however, that it never occurred to us to in- 
quire whether nitrogen could be acidified ; for, as we know it was 
classed among the combustible bodies, it was natural to suppose 
that it might produce an acid. 

Mrs. B. That is not a necessary consequence ; for rt might com- 
bine with oxygen only in the degree requisite to form an oxyd. 
But you wiU find that nitrogen is susceptible of Various degrees of 
oxygenation, some of which convert it merely into an oxyd, and 
others give it all the acid properties^ 

The acid», resulting from the combinatfon of oxygen and nitro- 
gen, are called the nitrous and nitric acids. We will begin with 
the nitric, in which nitrogen is in the highest state of oxygenation.- 
This acid has so {wwerful an attraction for water that it has nevei 
been obtained perfectly free from it. But water may be so strongly 
impregnated with it as to form an exceedingly powerful acid solu- 
tion. Here is a bottle of this acid, which you see is quite limpid. 

Caroline. What a strong oflTensive smeU it has ! 

Mrs. B. This acid contains a greater abundance of oxygen than 
any other; but it retains it with very little force. 

Emily. Then it must be a powerful caustic, both from the facility 
with which it parts with its oxygen, and the quantity which it afibrds. 

933. What is the radical of nitric acid ? 

934. What acids are formed by the eombinatioR of nitrogen and 
oxygen .' 

9^. How does nitric acid naturally exist.? 

936. How does this compare with other acids as to the quantity of 
oxvjgen conbuned in it .' 
95r. To what is the great causticity (^nitric acid owing } 
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Mrs, B. Very well, Emily ; both causes and ^ects are exactly 
such as you describe; nitric acid bums and destroy^ all kinds of 
or? ani2»d matter. It even sets fire to some of the most combustible 
substances. We shall pour a little of it ctver this piece of dry 
warm charcoal ♦••^you see it inflames it immediately.; it would do 
the same x^dih oil of turpentine, phosphorus, and several other very 
combustible bodies. This shows you how easily this acid is decom- 
posed by combustible bodies, since these effects must depend upon 
the absorption of its oxygen. 

Nitric acid has been used in the arts from time immemorial ; but 
it is only within these twenty-five years, that its chemical nature has 
been ascertained. The celebratad Mr. Cavendish discovered that 
it consisted of about 10 parts of nitrogen and 25 of oxygen.f These 
princi][)les, in their gaseous state, combine at a high temperature; 
and this may b6 efiTected by repeatedly passing the electrical spark 
through a mixture of the two gases, 

JEmify. The nitrogen and oxygen gases, of which the atmosphere 
is composed, do not combine, I suppose, because their temperature 
is not sufficiently elevated. 

Caroline. But in a thunder storm, when the lightning repeatedly 
passes through them, may it not produce nitric acid ? We should be 
m a strange situation, if a violent storm should at once convert the 
atmo^here into nitric acid. 

Mrs, B. There is no danger of it, my dear ; the lightning can af- 
fect but a very small portion of the atmosphere, and thouffh it were 
occasionally to produce a little nitric acid, it never could happen to 
SQch an extent as to be perceivable. 

Eamly. But how could the^itric acid be known, and used, before 
the method of combining its constituent was discovered ? 

Mrs, B. Previous to that period, the nitric acid was obtained, 
and it is indeed still extracted, for the common purposes of art, 
Irom the compound salt which it forms with the potash, commonly 
called nitre. 

Caroline. Why is it so called? Pray, Mrs. B., let these old un- 
• meaning names be entire^ given up, by us at least ; and let us call 
this salt mtrat of potash, 

* To inflame charcoal, a stronger acid than that sold at the shops 
is necessary. The experiment with oil, turpentine, and phospho- 
rus, succeeds, if about a sixth part of sulph. acid is added to the 
nitric acid. The experiment with the turpentine requires caution. 
The phial containing the acid must be tied to a stick, a yard or two 
long, the operator pouring it into a small quantity of th^ tuipeiitine 
standing at a distance. — C. 

t The proportion stated by Sir H. Davy, in his Ghemicai Re- 
searches, is as 1 to 2,389. 

938. What is the reason why nitric acid inflames charcoal, oil of tur- 
pentine, &c .•* 

939. What are the [uroportions of oxygen and nitrog^en in nitric 
acid? 

940. What is the reason that the oxygen and nitrogen of which the 
atmosphere is composed, do not combine and ibrm nitric acid ? 

941. Why does not lightning produce this elevation of temperature ? 
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Mrs, B, With all my heart ; but it is necessary that I should, at 
least, mention the old names, and more especially those which are 
yet in conmion use; otherwise, when you meet with them, you 
would not be able to understand their meaning. 

EnUfy, And how is the acid obtained from this salt? 

Mrs, B. By the intervention of sulphuric acid, which combines 
with the potash, and sets the nitric acid at liberty. This I can 
easily show you, by mixing some nitrat of potash and sulphuric acid 
in this retort, and heating it over a lamp ; the nitric acid will come 
over in the form of vapor, which we shall collect in a §lass bell. 
This acid diluted in water, is commonly called aqua fortis^ if Car- 
oline veill allow me to mention that name. 

Caroline, I have often heard that aqua fortis will dissolve almost 
all metals ; it is no doubt because it 3aeld8 its oxygen so easily. 

Mrs, B, Yes ; and from this powerful solvent property, it deriv- 
ed the name of aqua fortis, or strong water. Do you not recollect, 
that we oxy dated, and afterwards dissolved, some copper in this 
acid ? 

Emdy. K I remember right, the nitrat of copper v^ras the first in- 
stance yoir gave us of a compound salt? 

Caroline, Can the nitric acid be completely decomposed and con- 
verted into nitrogen and oxygen ? 

Emily, That cannot be the case, Caroline ; since the acid can be 
decomposed only by the.combination of its constituents with other 
bodies. 

Mrs, B. True ; but caloric is sufficient for this purpose. 

By making the acid pass through a red hot porcelain tube, it i^ 
decomposed; the nitrogen and oxygen regain the caloric which 
they had lost in combining, and are thus boui restored to their gas- 
eous state. 

The nitric acid may also be partly decomposed, and is by this 
means converted into nitrous acid. 

Caroline. This conversion must be easily eflfected, as the oxygen 
is 80 alightly combined with the nitrogen. 

Mrs. B, The partial decomposition of nitric acid is readily ef- 
fected by most metals ; but it is sufficient to expose the nitric acid 
to a very strong light to make it give out oxygen gas, and thus be 
converted into nitrous acid. This latter acid appears in various de- 
grees of strength, according to the proportions of nitrous acid S9& 
and water of which it is composed ; the strongest is a yellow color, 
as you see in this bottle. 

Caroline, How it fumes when the stopper is taken out ! 

Mrs, B, The acid exists naturally in a ^aseouQ state, and is here 
so strongly concentrated in water, fiiat it is constantly escaping. 

Here is another bottle of nitrous acid, which, you see, is of an or- 
ange red ; this acid is weaker, that is, contains a smaller quantity of 
the acid gas ; and with a still less proportion of the gas it is of an 

942. How is nitric acid obtained from the nitrate of potash? 

943. What is the common name of nitric acid diluted in water ? 

944. What is the propriety of the name aqua fortis? 

945. How may nitric acid be decomposed ? 

946. How can nitrous acid be formed ? 

947. How may the color of water be afiected by the different por 
lions of nitrous acid with which it is combined ? 
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olire green color, as it appears in this third bofttle; In short, to 
weaker the add, the deeper is its color. 

Nitrous acid acts still more powerfbDy mi some inflammable sub^ 
stances than the nitric* 

Ikmfy, I am sotpi^ised at that, as it contaips less oxygen. 

Mfs, B. But, on the otiier- hand, it parts with its oxygen much 
more readily; you may recollect that we once inflam^ q^ with 
this add. 

The next combinations of nitrogen and oxygen form only oxyds 
of nitrogen, the first of which is commonly called Tiitrous mr; or 
more properly nitric oxyd gast* This raav be obtained franunitn<5 
add, by exposmg the latter to the action of metab, as in dissolnng 
them it does not yield the whole of its oxygen^ but retains a portion 
of this principle sufficient to convert it into thfe peculiar gas, a spe- 
cimen of which I have prepared, and preserved Vith th& inverted 
glass bell. 

Emiiy, It is a perfetftly invisible elastic fluid. 

Mrs, B, Yes; and it may be kept ^ny length of time in this 
manner over water, as it is not, like the nitric and nitrous adds, 
absorbable by it. It is rather heavier than atmospherical air, and 
is incapable of supporting either combustion or respiration. I am 
going to incline the glass gently on one sideT, so as to let some of 
the gas escape — > 

. jSmfy. How very curious! — It produces orange fumes like thtf 
nitrous acid ! that is the more extraordinary^ as Sie gas within the 
^lass is perfectly invisible. 

Mrs. B, It would give me much pleasure if you conid make out 
the reason of this curious change, without requiring any farther 
explanation. 

Caroline, It seems, by the color and smell, as if it were converted 
into nitrous add gas ; yet that cannot be, unless it combines with 
more oxygen ; and how can it obtain oxygen the very instant it 
escapes nrom the glass ? 

Ikmly. From the atmosphere, no doubt. Is it not so, Mrs. B.? 

Mrs, B, You have guessed it ; as soon as it comes in contact with 
the atmosphere, it absorbs from it the additional quantity of oxygen, 
necessary to convert itinto nitrous acid gas. And, if I now remove' 
the bottle entirely from the water, so as to bring at once the whole' 
of the ffas in contact with the atmosphere, this conversion will ap- 
pear stiB more strikiuff. 

Emily, Look, Caroline, the whole capacity of the bottle is in- 
stantly tinged of an orange color ! 

Mrs, B, Thus you see, it is the mbst easy process imaginable to 

* To procure nitrous air, put hito a retort some filings, or shav- 
ings of copper, on which pour nitric acid, dilated with four or five' 
parts of water ; then apply the heSit of a lamp, and receive the gas 
m the usual way, over water. — C. 

948. Why does not nitrous acid act more powerfully on tome inflam- 
mable substances than nitric acid ? 

949. How can nitrous air, or -nitric oxyd gas Be obtained ? 

^950. How can this gas be preserved P . 

^96R How can nitrous oxyd gas be converted into nltroiis acid gas ?* 
10* 
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eooTert nitrous oxyd gas, into nUfmis add gas. The property of 
sttractiiig oxygen from the atmoephere, without any elevation of 
temperatore, has occasioned this gaseous oxyd being used as a test, 
for ascertaining the de^ee of purity of the atmosphere. I am 
going to show you h^w it is apphed to this purpose.— -Tou see this 
mduated glass tube which is closed at one end, (see fig. 30,) I 
first fijl it with watisr, and then mtroduce a certam measure oi 
nitrous gas, which, not being absorbable by water, passes dirough 
it, and ocenpies the upper part of the tube. I must now add rather 
above two thirds of oxygen gas, which will just be sufiident to 
convert Uie nitrous oxyd gas into nitrous acid gas. 

Caroline. So it has !•— I saw it turn of an orange color : but it 
immediately afterwards disappeared entirely, and the water, you 
see, has risen, and almost filled the tube. 

Mrs. B. Thai is because the acid gas is absorbable by water, 
and in proportion as the gas impregnates the water, the latter rises 
in the tube. When the oxygen gas is very pure, and the required 
proportion of nitrous oxyd gas very exact, the wh(^ is absorbed by 
the water.; but if any. other gas be mixed with the oxyp^en, instead 
of combining with the nitrous oxygen, it will remain and occupy the 
upper part of the tube : or if the gases be not in the due proportion, 
there will be a residue of that which ppedominates. before we 
leave this subject, I most not forget to remark that nitrous acid may 
be formed by dissolving nitrous oxyd gas in nitric acid. This solu- 
tion may be effected simply, by making bubbles of nitrous oxyd 
gaspass through nitric acid. * 

linify. That is to say that nitrogen at its highest. degree, of 
oxygenation, being mixed with nitrogen at its lowest degree of 
oxygenation, will produce a kind of intermediate substance, which 
is mttous acid. 

Mrs. B. You have stated the feet with great precision. — ^There 
are various other methods of preparing nitrous oxyd, and of obtaiik- 
ing it from compound bodied; but it is not necessary to enter into 
these particulars. It remains for me only to mention another curi- 
ous modification of oxygenated nitrogen, which has been distin- 
guished by the name of gaseous oxyd of nkrogen. It is but lately 
that this gas has been accurately exammed^ and its properties have 
been investigated chiefly by Sir H. Davy. It has obtained also the 
name of exhilarating gas, from the very singular property which 
that gentleman has discovered in it, of elevating the animal spirits, 
when inhaled into the Jungs, to a degree sometimes resembling 
delirium or intoxication. 

Caroline. It is respirable, then ? 

Mrs. B. Jt can scarcely be called respirable, as it would not sup- 
port life for any length of time ; but it ma^ be breathed for a few 
moments without any other effecte, than the smgular exhilaration of 
spirits I have just mentioned. It affects different people, however, 
in a very different manner. Some become violent, even outrageous, 

952. On what principle can nitrous air be apphed, to test the purity^ 
of the atmosphere ? •' 

953. What is the process ? 

954. By what other name is the exhilarating gas called ^ 
965. And why is it called exhilarating gas .^ 
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others experience a languor attended with faintness ; hut most agree 
in opinion, that the sensations it excites are extremelj pleasant. 

QxroUne, I thought I should' like to try it — how do you breathe it ? 

Mrs. B. By collecting the gas in a bladder, to which a short tube 
with a stop-cock, is adapted ; this is applied to the mouth with one 
hand, whilst the nostrils are kept closed with the other, in order 
that the common air may have no access. You then alternately 
inspire and expire the gas till you perceive its effects. But I can- 
not consent to your making the experiment; for the nerves are 
sometimes- unpleasantly afl^cted by it, and I would not run any 
risk of that kind. 

Emily, I should tike, at least, to see somebody breathe it; bul 
pray by what means is this curious gas obtained ? 

Mrs. B. It is procured from nitrat of cmnmonia,* an artificial salt, 
which 3aelds this gas on the application- of a gentle heat. I have 
put some of the salt into a retort, and by- the aid of the lamp, the 
^sj& will be extracted.--' 

Caroline. Bubbleadf air begin to escape through the neck of the 
retort into the water apparatus ; will' you not collect them ? 

Mrs. B. The gas that first comes over need not be preserved, as 
it oonsists^ of^ little more than common air that was in the retort ; 



* To make nitrate of ammonia, take some nitric acid, or aqua 
Ibrtis — dilute it with four or five quarts of water ; put it into a shal- 
low earthen dish, and throw in pieces of carbonate^ of ammonia,, 
until tha effervescence ceases. Evaporate about, one third of thos 
liquor by a gentle heat, and set it away to crystallize* The crystals 
are long strained prisms. To procure the nitrous oxide or exhUara-^ 
ting gas, and to try its effect by respiration, the following simple- 
apparatus may be used, where^ a better is not at hand, rut some 
nitrate of ammonia into an oil fiask, having first fitted to it a cork, 
and glass tube, bent so as to go under the receiver in the water 
bath. Then apply. the gentle heat of a lamp. 

For a receiver, fill a large jug with water, and invert it in the 
water bath ; having fitted tg the jug a cork, having two holes made 
through it with a burning iron ; into one of these holes put a glass, 
tube open at both ends, and nearly long enough to reach the bottom 
of the jug. • Provide a large bladder furnished with a short tube tied 
to it. When the jug is nearly filled with the gas, remove and set' it 
upright by passing the hand under its mouth — 'then put in the cork 
and tube, the other opening in thecork being closed; When you 
wish to breathe the gas, taie the stopper out of the cork, and pass 
in the tube attached to the bladder. Then by means of a small 
tunnel, pour water into the jug through the long" tube, until it drives 
out gas enough to fill the bladder. Mrs. B. describes the manner 
of breathing it. 

Caution. — ^Let the gas stand an hour or two over water before it 
is breathed.— C. 

956. How is this gas breathed ? 

957. IIow is this ga? obtained ? 

958. When do chemical decompositions and combinations take jilace^, 
diuring the formation of this gas from nitrate of ammonia .' 

959. WmU caution is necessary before it is breathed f 
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bendet tkete is always in this experimcsit, a qnanlity of watery 
Tapcar wbioh moat eome awaj before tbe nitroiiB oxyd apDoara. 

JBmify, Watenr t^;»of ! Whence does that proceed ? Theve is no 
water in nitrat of ammonia! 

Mrs, B. You most recollect that there is in OTery salt a quantity 
of water of ciystalltzation which may be eraiporated by heat alone. 
But, beeidea this, water is actually generated in this experiment, as 
you will see presently. First tell me, what are the oonstitaent 
parts of nitrat of ammonia ? 

Enilf. Ammonia, and mtric acid ; ibis salt, therefore, contains 
three difierent elements, nitn>gen and hydrogen, which produce tho 
ammonia; and oxygen, whicb, with nitrogen, forms the acid. 

Mrs. B. Well then, in this process the ammonia is decomposed ; 
the hydrogen ^uits the nitrogen to combine with some of the oxy- 
|«n of the nitnc add, and forms with it the watery Taper which 
IS now coming oyer. When that is effected, what will you expect 
to find? 

Emiiy. Nitrous aeid instead of nitric acid, and nitrogen instead 
of ammonia. 

Mrs, B, Exactly so : and the nitrous acid and nitrogen combine 
and form the gaseous oxyd of nitrogen, in which the proportion of 
oxygen is 37 parts to 63 of nitrogeo. 

I^u may have observed, that for a little while no bubbles of air 
have come over, and we have perceived only a stream of vapor 
condensing as it issued into the water. — ^Now bubbles of air again 
make their appearance, and I imagine that by this time all the 
watery vapor is come away, and that we may beffin to collect the 
gas. We may try whether it is pure, by filling a pnial with it, and 
plunging a tap^ in it — yes, it will do now, for the taper buma 
brighter than in the common air, and with a greenish fiame. 

Caroline. But how is that ? I thought no gas would support com- 
bustion but oxygen or chlorine. 

Mrs. B. Or any gas that contains oxygen, and is ready to yield- 
it, which is the case with this in a considerable degree ; it is not,- 
therefore, surprising that it should accelerate the combustion of the 
taper. 

You see that the gas is now produced in great abundance ; we 
shall collect a large quantity of it,^ and I dare say that we shall find 
some of the family who will be curious to make the experiment of 
respiring it. Whilst this process is going on, we may take a gen- 
eral survey of the most important combinations of the nitric and 
nitrous acids with the alkalies. 

The first of these is nitrut of potash, commonly called nitrcy or 
salt-petre. 

Caroline. Is not that the salt with which gunpowder is made ? 

Mrs. B. Yes. Gunpowder is a mixture of five parts of nitrat to 
one of sulphur and one of charcoal. — Nitre, from its great propor- 

96(X. What are constituent parts- of nitrat of ammonia? 

961. W/uU is the process of making nitrous ooddef. 

962. How is the gaseous oxide of nitrogen formed ? 

963. How can it be determined when it is pure ? 

964. What is the common name of nitrat of potash^ • 

965. Of what if gunpowder made f 
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tion of oxygen, and from the &cility with which it yields it, it is the 
basis of the most detonating compositions. 

Emily. But what is the cause of tfie violent detonation of gun 
powder when sfet on fire ? 

Mrs. B. Detonation may proceed firom two causes ; the sudden 
formation or destruction of an elastic fluid. In the first case, when 
either a solid or liquid is instantaneously converted into an elastic 
fluid, the prodigious and sudden expansion of the body strikes the 
air with g^at violence, and this concussion produces the sound call- 
ed detonation-. 

Caroline. That I comprehend very well ; but how can a similar 
effect be produced by the destruction of a gas ? 

Mrs. B. A gas can be destroyed only by condensing it to a liquid 
or solid state ; when this takes place suddenly, the gas, in assuming 
a new^nd compact form, produces a vacuum, into which the sur- 
rounding air rushes with great impetuosity ; and it is by that rapid 
and violent motion that the sound is produced. In all detonations, 
therefore, gases are either suddenly formed or destroyed. In that 
of gunpowder, can you tell me wmch of these two circumstances 
takes place ? 

Emdy. As gunpowder is a solid, it must, of course, produce the 
gases in its detonation ; but how I cannot tell. 

Mrs. B. The constituents of gunpowder, when heated to a cer- 
tain degree, enter into a number of new combinations, and are in- 
stantaneously converted into a variety of gases, the sudden explo- 
sion of which gives rise to the detonation ? 

Caroline. And in what instance does the destruction or condensa- 
tion of gases produce detonation ? 

Mrs. B. I can give you one with. which you are well acquainted ; 
the sudden combination of the oxygen and hydrogen gases. 

Caroline. True; I recollect perfectly that hydrogen detonates 
with oxygen when the, two gases are converted into water. 

Mrs. B. But let us return to the nitrat of potash. This salt is 
decomposed when exposed to heat, and mixed with any combusti- 
ble body, such as carbon, sulphur, or metals, these substances oxy- 
dating rapidly at the expense of the nitrat. I must show you an in- 
stance of this. I expose to the fire some of the salt in a small iron 
ladle, and when it is sufliciently heated, add to it some powdered 
charcoal : this will attract the oxygen from the salt, and be conr 
verted into carbonic acid. 

EmUy. But what occasions that crackling noise, and those vivid 
flashes that accompany it ? 

Mrs. B. The rapidity with which the carbonic acid gas is formed, 
occasions a succession of detonations, which, togemer with the 
emission of flame, is called deflagration. 

Nitrat of ammonia we have alread}r noticed, on account of the 
gaseous oxyd of nitrogen which is obtained from it. 

966. Why is nitre the basis of most detonating compositions ? 

967. What is the cause of the detonation ofgunpowder, when fire 
is set to it ? 

968. What causes the detonation when a gas is destroyed ? 

969. In what instances does the destruction or condensation of gases 
produce detonation .' 

970. When is the nitrat of potash decomposed ? 
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NUrat of siher, is the Itmar caustic, so remarkable for its de« 
stroying animal fibre, for which purpose it is often used bj sur- 
geons. We hare said so much on former occasions, on the mode 
m which caostics act on animal matter, that I shall not detain yoa 
any longer on this subject. 

We now come to carboitic acid, which we have already had 
manj opportunities of noticing. You recollect that this acid may 
he fom^ by the combustion of carbon, whether in its imperfect 
state of chaicoal, or in its purest form of diamond. And it is not 
necessary, for this purpose, to bum the carbon in oxygen gas, as we 
^d in the preceding lecture ; for you need only light a piece of 
charcoal, and suspend it under a receiver on the-wat^ bath. The 
charcoal will soon be extinguished, and the air in the receiver will 
be found mixed with carbonic acid. The process, however, is 
much more expeditious if the combustion be performed in pure oxy- 
gen gas. 

CSroUne, But how can ^ou separate the carbonic acid, obtained 
in this manner, from the air with which it is mixed ? 

Mrs. B. The readiest mode is to introduce under the receiver a 
quantity of caustic lime, or caustic alkali, which soon attracts the 
whole carbonic add to form a carbonat. The alkali is found in- 
creased in weight, and the volume of the air is diminished by a 
quantity equal to that of the carbonic acid which was mixed >sath it. 

E}muy. Pray, is there no method of obtaining pure carbon from 
carbonic icid ? 

Mrs, B, For a long time it was supposed that carbonic acid was 
not decompoundable ; but Mr. Tennant discovered, a few years ago, 
that this acid may be decomposed by burning phosphorus in a closed 
vessel with carbonat of soda or carbonat of lime : the phosphorus 
absorbs the oxygen from the carbonat, whilst the carbon is separat- , 
ed in the form of a black powder. This decompontion, however, 
is not affected simply by the atraction of the phosphorus for oxygen, 
since it is weaker than that of charcoal ; but the attraction of the 
alkali or lime for the phosphoric acid unites its power at the eamo 
thne 

Caroline, Cannot we make the experiment? 

Mrs, B, Not easily ; it requires being performed with extreme 
nicety, in order to obtain any sensible quantity of carbon, and the 
experiment is much too delicate for . me to atteinpt it. But there 
can be no doubt of the accuracy of Mr. Tennant's residts ; and all 
chemists now agree that one hundred parts of carbonic acid gas 
consist of about twenty-eight parts of caroon to seventy-two of oxy- 
gen gas. But if you recollect, we decomposed carbonic acid gas, 
me Sihex day, by burning potassium in it. 

Caroline, True; so we did; and found the carbon precipitated 
on the regenerated potash. 

Mrs, B, Carbonic acid gas is found very abundantly in nature ; 
it is supposed to form about one thousandth part of the atmosphere ; 

971. What is nitrat of silver ? 

972. What gas is produced by the burning of charcoal in oxygen 
gas ? 

973. How is carbonic acid formed ? 

974. And how can carbon be obtained from carbonic add ? 

975. What portion of the atmosphere does this gas form ? 

976. How is the carbonic add |^ in the atmosphere produced ? 
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and 18 ooostaatly pin>duoed by the respiration of animals ; it exists 
in a ffreat variety of combinations , and is exhaled from many natu- 
ral oecompositions. It is contained in a state of ffreat pnri^ in 
certain caves, such as the Grotto del Cane, near Naples. 

Emily, I recollect having read an account of that ^otto, and of 
the cruel experiments made on the poor dogs, to gratify the curios- 
ity of strangers. But I understood that t^ vapor exhaled by the 
cave was cdled fia^d tdr, 

Mrs, B, That is the name by which carbonic add was known 
before its chemical composition was discovered. This gas is more 
destructive of life than any other ; and if the poor ailimals that are 
submitted to its effects are not plunged into cold water as soon as 
they become senseless, they do not recover. It extinguishes flame 
instantaneously. I have collected some in this glass, which I will 
pour over the candle.* 

Caroline. This is extremely singular — it seems to extinguish the 
light a^it were by enchantment, as the gas is invisible. I never 
should nave imagined that gas could have feen poured like a liquid. 

Mrs, B, It can be done with carbonic acid on(y, as no other gas 
J5 sufficiently heavy to be susceptible of being poured out in the , 
atmospherical air, without mixing with it, 

Emily, Pray by what means did you obtain this gas ? 

Mrs. B. I procured it from marble. Carbonic acid gas has so 
strong an attraction for all the alkalies and alkaline earths, that 
these are always found in nature in the state of carbonats. Com- 
bined with lime, this acid forms chalk, which may be conadered as 
the basis of all kinds of marbles, and calcareous stones. From these 
substances carbonic acid is easily separated, as it adheres so slight- 
ly to its combinations, that the carbonats are all decomposable by 
any of the other acids. I can easily show you how I obtained this 
gus; I poured some diluted sulphuric acid over pulverized marble 
m this bottle, (the same which we used the other day to prepare 
hydrogen gas,) and the gas escaped through the tube connected 
with it ; the operation still continues, as you may perceive — 

Emily, Yes, it does ; there is a great fermentation in the glass 
vessel. What singular commotion is excited by the sulphuric acid 
taking possession of the lime, and driving out the carbomc acid? 

Caroline, But did the carbonic acid exist in a gaseous state in 
the marble ? 

Mrs, B, Certainly not ; the acid, when in a state of combina- 
tion, is capable of existing in a solid form. 

Caroline. Whence, then, does it obtain the caloric necessary to 
convert it into gas ? 

* Merely pouring it over a candle will not extinguish it. Put a 
short piece of candle or taper, into the bottom of a deep tumbler, 
and then pour in the gas, and the flame goes out as quickly as 
though you poured in water. — C. 

977. By what name was this know a. before its chemical composi- 
tion waa discovered ? 

978. By what means ^s this gas procured for experiment ? 

979. Of what is chalk formed ? ' 
080. What is the basis of all kinds of marble and calcareous earths ' 
991. How may carbonic acid be obtained from marble.'* 
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Mrs. B. It may be sapplie^ in this case from the mixtnre of sol 
phuiic acid and water, wxdch prodaces an eyolution of heat, even 
greater than is required for the purpose; since as you may per- 
ceiye by touching the glass vessel, a considen^le quantity of the 
caloric disengaged becomes sensible. But a supply of caloric may 
be obtained also firom a diminution of capacity for heat, occasioned 
by the new combination which takes place ; and, indeed, this must 
be the case when other acids are employed for the disengagement 
of carbonic acid gas, which do not, like the sidphuric, produce heat 
on being mixed with water. Carbonic acid may likewise be dis- 
engaged firom its combinations by heat alone, which restores it to 
its gaseous state. 

Caroline, It appears to me very extraordinary that the same gas 
which is produced by the burning of wood and coal should exist 
also in such bodie&as marble and chalk, which are incombustible 
substances. 

Mrs. B, I will not answer that objection, Caroline, b^ause I 
think I can put you in the way of doing it yourself. Is %u:bonic 
acid combustible ? 

Caroline, Why, no — ^because it is a body which has been already 
burnt;* it is carbon only, and not the acid that is combustible. 

Mrs. B. Wdl, and what inference do you draw from this ? 

Caroline. That carbonic acid cannot render the bodies with which 
it is united combustible ; but that simple catbon does, and that it is 
in this elementary state that it exists m wood, coals, and a great va- 
riety of other combustible bodies. Indeed Mrs. B., you are very 
ungenerous ; you are not satisfied with convincing me that my ob- 
jections are frivolous, but you oblige me to prove them so myself. 

Mrs. B. You must confess, however, that I make ample amends 
for the detection of error, when I enable you to discover the truth. 
You understand, now, I hope, that carbonic acid is equally produced 
by the decomposition of chalk, or by the combustion of charcoal. 
These processes are certainly of a very different nature ; in the first 
case, the acid is already formed, and requires nothing more than 
heat to restore it to its gaseous state ; whilst in the latter, the acid 
is actually made by the process of combustion. 

Caroline. I understand it now, perfectly. But I have just been 
thinking of another difficulty, which I hope, you will excuse my 
not being able to remove myself. How does the immense quantity 
of calcareous earth, which \a spread all over the globe, obtain the 
carbonic acid with which it is combined ? 

Mrs. B. The question ia, indeed, not very easy to answer ; but 1 

* Not burnt in the common acceptation of the word. The carbon 
is already united to oxygen, and therefore has no affinity for it. In 
the artificial production of carbonic acid, the carbon is burnt. — C. 

982. Whence does carbonic acid obtain the caloric necessary to con- 
vert it into ffu .' 

983. Will carbonic acid render a body combustible ? 

X 984. It might be thought that carbonic acid could not be obtained 
from substances so unlike as chalk and carbon — how is this objection 
answered ? 

985. How do the processes of obtaining carbonic acid from the de- 
composition of chalk, and the combustion, of charcoal, differ?. 
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<6onceive tihat the general carbonization of calcareous matter may 
have been the efiect of a general combustion* occasioned by some 
TOYolution of our globe, and producing an immense supply of car* 
^nic acid, with which the calcareous matter became im])regnated ; 
or that this may have been effected by a gradual absorption of car- 
bonic acid from the atmosphere. But this would lead us to discus- 
sions -which' we cannot indfulge in, without deviating too much from 
our subject. 

Emihf. How does it happen that we do not perceive the perni- 
cious efiects of the carbonic acid which is floating in the atmos- 
phere ? 

Mrs, B, Because of the state of the very great dilution in which 
it exists there. But can you tell me, Emily, what are the sources 
which keep the atmosphere constantly supplied with this acid ? 

Emily. 1 suppose the combustion of wood, coals, and other sub- 
stances that contain carbon. 

Mrs. B. And also, the breath of animals. 

Caroline. The breath of animals ? I thought you said that the 
gas was not at all respirable, but on the contrary, extremely poi^ 
&onous. 

Mrs. B. So it is ; but ahbough animals cannot breathe in carbo* 
nic acid gas, yet in the process of respiration, they have the power 
of forniing this ffas in their lungs ; so that the air which we eocpirtf 
or reject from me lungs, always contains a certain proportion of 
carbonic acid, which is much greater than that which is commonly 
found in the atmosphere. 

Caroline, But what is it that renders carbonic acid such a deadly 
X>oison ? 

Mrs. B. The manner in which this gas destroys life, seems to 
i>e merely by preventing the access of respirable air ; for carbonic 
acid gas, unless very much diluted with common air, does not pene- 
trate into the lungs, as the windpi|)e actually contracts and refuses 
it admittance. — But we must dismiss the subject at present, as we 
shall have an opportunity of speaking of respiration much more 
frilly when we come to the chemical functions ef animals. 

Mnily. Is carbonic acid as destructive to the life of vegetables as 
it is to that of animsds ? 

Mrs. B. If a. vegetable be completely immersed in it, 1 believe 
it generally proves fatal to it ; but mixed in certain proportions vdth 
atmospherical air, it is, on the contrary, very fjS?orabie to vegeta- 
tion. 



• This idea is at random. "We oamrot account for the origin of 
carbonic acid in its native state, any better than we can for oxygen. 
It cannot be the product of combustion, since it existed before the 
growth of combustible materials. — C. 

986. How does ^taiarble and calcareous earth obtain its great quantity 
of carbonic acid ? 

987. Why do we not experience the pernicious effects of the carbonic 
•acid in the atmosphere? 

968. How is the atmosphere supplied with this acid ? 

969. Why is carbonic acid gas aestructive to animal life P 
2990. What effect does it have on vegetation ? 

20 
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Toti lemember, I suppose, our mentioning the mineral waleidy 
both natural and artificial, which contain caihonic acid gas ? 

Caro&ne, Ton mean the Seltzer water ? 

Mrs, B, That is one of those which are most used ; there are, 
howoTer, a variety of others into which csurbonic acid enters as an 
ingredient ; all these waters are usually distinguished by the name 
of acidulous or gaseous mineral vkUers. 

The class of salts called carbonatsj is the most numerous in 
nature ; we must pass over them in a very cursory manner, as the 
subject is ^ too exten^ve for us to enter on it in detaiL Tlie state 
of carbonat is the natural state of a vast number oi minerals, and 
particularly of the alkalies and alkaline earths, as they have so 
great an attraction for the carbonic acid, that they are almost al- 
ways found combined with it ; and you may recollect that it is onlv 
by separating them from this acid, that they acquire causticity and 
those striking qualities which I have formerly described. All 
marbles^ chalks, shells, calcareous spars, and limestones of every 
desciiption, ^e nentral salts, in which lime, their common basis, 
has lost all its characteristic properties. 

Emily. But if all these various substances are formed by the, 
union of lime with carbonic acid, whence arises th&ac diversity of 
form and appearance ? 

Mrs. B, Both from the different proportions of their component 
parts, and from a variety of foreign ingredients which may occa^ 
sionally be blended with them ; the veins and -tsolors of marbles^ 
for instance, proceed from a mixture of metallic substances ; silex 
and alumine abo frequently enter into these combinations. The 
various carbonats, therefore, which I have enumerated, cannot be 
considered as pure and unadnlterated neutral salts, although they 
certainly belong to that class of bodies; 



CONVERSATION XIX. 

ON THB BORACIC^ FLUORIC, MURIATIC, AND OXTGRNATED MURIATIC 
ACIDS ; AND DM MURIATS. — ON IODINE AND IODIC ACID. 

' Mrs. B.. We now come to the three remaining acids with siooiple 
bases, the compound nature of which, though long suspected, has 
been but recently proyed. The chief of these is the muriatic : but 

991. What are the waters called, into which this gas enters as an 
inffredieni? 
'992. What are \ke salts ibirmed by the acid of this gas? 
. 993. How extensive is this class of salts^ and under what fisrms do 
they chiefly occur in nature .? 

* 994. If Ume is the common basis of marbles, chalks, shelki, ealoare- 
buB spars, and limestones, why is there stklh a diversity in their fona 
and appear^ce ? 
996. From what do the veins and cokm of marble proceed ? 
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I shaS first describe the two others, as their bases have been ob- 
tained more distinctly than that of the muriatic acid. 

Yon may recollect I mentioned the boracic acjd. This is 
ibmid very sparinffly in some parts of Europe, but for the use of 
manu^tures we have always received it from the remote country 
of Thibet, where it is found in 6ome lakes, combined with soda. 
It is easily separated from the soda by sulphuric acid, and ap(peir» 
in the form of shining scales, as you see here. 

Caroline. I am glad to meet with an acid which we need not be 
afraid to touch ; for I perceive from your keeping it in a piece of 
paper, that it is more mnocent than our late acquaintance, the sul- 
phuricr and nitric acids. 

Mrs. B. Cei^tainly ; bijLt being more inert, you will not find its 
propertifts so interesting. However, its decompoMtioh, and the 
brilliant spectacle it affords when its basis agaia unites with oxy- 
gen, atones for its want of other striking qualities. 

Sir H. Davy succeeded in decomposing the boracic acid, (which 
had till then, been considered as undecompouadable,) by various 
methods. On expodng this acid to the Voltaic battery, the posi- 
tive wire gave out oxygen, and on the negative wire was deposited 
a black substance, in appearance resembling charcoal. This was 
the basis of the acid, which Sir H, Davy has called Boradum or 
Boron. 

The same substance was obtained in more considerable quantities 
by exposing the acid to a great heat in an iron ^un barrel. 

A third method of decomposing the boracic acid consisted in burn- 
ing potassium in contact with it in vacuo. The potassium attracts 
the oxygen from the acid, and leaves its basis in a separate state. 

The recdmposition of this acid I shall show you by burning some' 
of its basis which you see here, in a retort full of oxygen gas. The 
heat of a candle is all that is required for this combustion. 

Emify. The light is astomshingly brilliant, and what beautiful 
sparks it throws out ! 

Mrs. B. The result of this combustion is the boracic acid, the 
nature of which, you see, is proved, both by analjrtic and synthetic 
means. Its basis has not, it is true, a meta.llic appearance ; but it 
makes very hard alloys with other metals. 

Emily. But pray, Mrs, B. for what purpose is the boracic acid 
josed in manufactures ? 

Mrs, B. Its principal use is in conjunction with soda, that is, in 
the state of borat of soda, which in the arts is commonly called 
borax. This salt has a peculiar power of dissolving metallic oxyds, ' 
and of promoting the fusion of substances capable <^ being melted ; 
it is accordingly employed in various metallic arts ; it is used, for 
example, to remove the oxyd from the sur^u^ of metals, and is often 
employed in t^e assaying of metallic ores. 

Let us now proceed to the fluoric acid. This acid is obtained 
from a substance which is found frequently in mines^ and paiticu- 

• — : > 

996. Where is the boracic acid obtained ? 

997. What is the composition of borax ? 
t)^. What is the basis of this acid ? 

999. For what purpose is the boracic acid used in ijaanufactures ? 
1060. From w^t is the fluoric acid obtained ^ 
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laily in thoee of Derbyshire, called flwr; a name which it acquired 
from the drcmnstance of its being lued to render the ores of metads 
more fluid when heated. 

Caroline, Pray, is not this the Derbyshire spar, of which so many 
^ornaments are made ? 
. Mn. B, The same ; but though it has long been employed for a 
Tariet^of purposes, its nature was unknown until Scheefe the great 
Swedish cnemist, discovered that it consisted of lime united with a 
peculiar acid, which obtained the name oi fluoric add. It is easily 
separated from the lime by the sulphuric acid, and unless condensed 
in water, ascends in the form of gas. A very peculiar property of 
this acid, is its union with siliceous earths, which I have already 
mentioned. If the distillation of this acid is performed in glass 
vessels, they are corroded, and the siliceous part of the glass tomea 
o?er, united with the gas ; if water is then admitted, part of the 
silex is deposited, as you may observe in the jar. 

Caroline. I see white flakes forming on the surface of the water; 
is that silex ? 

Mrs, B. Yes, it is. This power of corroding fflass has been used 
for engraving, or rather etching upon it. The glass is first covered 
with a coat of wax, through which the figures to be engraved are 
to be scratched with a pin ; then pouring the fluoric acid over the 
wax, it corrodes the glass where the scratches have been made. 

Caroline, I should like to have a betde of this acid to oguake en*- 
gravings.* 

Mrs, B, But you could not have it in a glass bottle ; for in that 
case, the acid would be saturated with silex, and incapable of exe- 
cuting an engraving ; the same thing would ha|>pen were the acid 
kept m a vessel of porcelain or earthen ware ; this acid must there- 
fore be both i)repared and preserved in vessels of silver. 

If it be distilled from fluor spar and vitriolic acid, in silver or lead- 
en vessels, the receiver being kept very cold during the distillation, 
it assumes the form of a dense fluid, and in that state is the most in- 
tensely corrosive substance known. This seems to be the acid com- 

♦ A bottle of fluoric acid is not easily obtained. To make etch- 
ings on glass, first cover the glass with a thin coat of bees wax.— % 
This is done by warming it over a lamp, apd passing the wax over 
the surface. Then make the drawing by cutting- throuc^h the wax„ 
quite down to the glass. To do the etching in the small way, take 
a lead or tin cup, and on the bottom place a^out a table spoonful oC 
pulverized fluor spar, and on this pour sulphuric acid enough to 
moisten it — piace the elass on the cup as a cover, with the side to 
be etched downward — ^tlien set the cup in warm water, or warm the 
bottom over a lamp, taking care not to^melt the wax. In 15 or 29 
minutes or more, the etching will be done. In this way, drawings 
are easily and beautifully m£de on glass.— C. 

1001. From what does it derive its name ? 

1002. By what other name is this acid called ^ 

1003. Of what does it consist? 

1004. What singular effect does it have on glass? 

1006. How could yoq describe the method of etching on glass ^ 
1006. In what kind of vessels may it be preserved ^ 
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^ised with a Iklle water. It may be csJIed hydrofluoric add; and 
Sir H. Davy has been led, from late experiments on &e subject, to 
consider ^tcre ^uoric acid as a compound of a certain unknown prin- 
ciple, which he esX^ fluorine , with hydrogen. 

Sir H. Davy has adso attempted to decompose the fluoric acid by 
burning potassium in contact with it; but he has not yet been able 
by this or any other method, to obtain its basis in a distinct separate 
state. 

We shall conclude our account of the acids with that of the mu- 
riatic ACID, which is, perhaps, the most curious and interesting of 
all of them, u is found in nature combined with soda, lime, and 
magnesia. Muriat of soda is the common sea salt; and from this 
sut^tance the acid is usualiy disengaged by means of the sulphuric 
acid. The nj^tural state of the muriatic acid is that of an invisible 
permanent gas, at ^e common temperature of the atmosphere ; but 
It has a remarkable Mrong attraction for water, and assumes the 
form of a whitish cloud whenever it meets any moisture to combine 
with. This acid is remarkable for its peculiar and very pungent 
smell, and possesses, in a powerful degree, most of the acid proper- 
ties. Here is a bottle containing muriatic add in a liquid state. 

Caroline. And how is it liquefied ? 

Mrs. B. By impregnating water with it : its strong attraction for 
^ater makes it ^ery easy to obtain it in a liquid form. Now, if I 
open the vial, you may observe a kind of vapor rising from it, which 
is muriatic acid gas, of itself invisible, but made apparent by com- 
bining with the moisture of the atmosphere. 

Emily. 'Have you not any of the pure muriatic add gas ? 

Mrs. B. This jar is frill of that acid in its gaseous state — ^it is 

inverted over mercury instead of water, because, being absorbable 

* by water, this gas cannot be confined by it. — I shall now* raise the 

jar a little on one fiide, and suflfer some of the gas to escape. You 

jsee that it immediately becomes visible in the form of a cloud. 

Emily. It must be, no doubt, from its uniting with the moisture 
of the atmosphere, that it is converted into this dewy vapor. 

Mrs. B. Certainly : and for the same reason, that is to say, its 
extreme eagerness to unite with water, this gas will cause snow to 
melt as rajpMly as an intense fire. 

This acid proved much more refractory, when Six H. Davy at- 
tempted to decompose it, than ttie other two undecon^posed acids. 
It is singular that potassium will bum in muriatic acid, and be con- 
verted into potash, without decomposing the acid, and the result of 
this combustion is a muriat of potash; for the potash as soon as it is 
regenerated; combines with the muriatic acid. 

Caroline. But how can the potash be regenerated if the muriatic 
acid does not oxydate rhe potassium ? 

Mrs. B. The potassium in this process, obtains oxygen from the 
moisture with which the muriatic acid is always combined, and, ac- 

1007. What did Sir H. Davy call this acid ? 

1008. Where is muriatic acid found ? 

1009. What is the natural state ? 

1010. How is it liquefied ? 

1011. How can this gas be confined without a mercurial bath ^ 

1012. What efiect wul muriatic gas have on snow ? 
tOL3. Why will it melt snow P 
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oordingty, hydiogeny resulting from tke decomposition of the mois- 
ture, is mvariablv evolved. 

JEbnfy. But why not make these experiments with dry muriatic 
acid? 

Mrs. B, Dry acids cannot be acted on by the Voltaic battery, be- 
cause acids are non-conductors of electricity, unless moistened. In 
the course of a number of experiments, which Sir H. Davy mad^ 
upon acids in a state of dryness, he observed that the presence o( 
water appeared always necessary to develope the acid properties, so 
that acids are not even capable of reddening vegetable olues if thej 
have been carefully deprived of moisture. This remarkable cir- 
cumstance led him to suspect, that water, instead of oxygen, may be 
the acidifying' principle ; but this he threw out rather as a conjee^ 
ture than as an established point. 

Sir H. Davy obtained very curious results from burning potassi- 
um in a mixture of phosphorus and muriatic acid, and al^ of sul- 
phur and muriatic acid ; the latter detonates with great violence. 
All his experiments, however, failed in presenting to his view the 
basis of the muriatic acid, of which he was in search ^ and he. was 
at last induced to form an opinion respecting the nat^ure of this acid, 
which I shall presently explain. 

Emily. Is this acid susceptible of different degrees.of oxygenation? 

Mrs. B. Yes ; for though it cannot be deoxygenated, yet we may 
add oxygen to it. 

Caroline. Why, then, is not the least degree of 03cygenation of 
the acid called the muritous, and the higher degree the muritia 
acid? ^ • 

Mrs, B, Because, instead of becoming, Uke other acids, noore 
dense, and more acid by an addition of oxygen, it is rendered, on the 
contrary, more volatile, more pungent, but less acid, and less ab- 
sorbable by water. These circumstances, therefore, seem to indi- 
cate the propriety of making an exception to the nomenclature.. 
The hiffhest degree of oxygenation of this acid has been distinguish- 
ed by the. additional epithet of oxygenated, or, for the sake of brevi-. 
ty, oxy^ ^o that it is called oxygenated or oxy^muruUic add. This 
likewise exists in a gaseous form, at the temperature of the atmos- 
phere ; it is also susceptible of bejng absorbed by water, and can be 
congealed, or sphdi^ed, by a certain degree of cold. 

Emily. And how do, you obtain the oxy-muriatic acid ? 

Mrs. B. In various ways.; Jput it may be most conveniently ob- 
taii\ed by distilling liquid muriatic acid over oxyd of mang^ese, 
which supplies the acid with the additional oxygen. One part of the 
acid being piit into a retort, with two parts of the oxyd of manga- 
nese, ai)d the heat of a lamp applied, the gas is soon disengaged, and 

1014. Why cannot dry acids be acted on by thjB Voltaic battery ? 

1015. What is the basis of muriatic acid ? 

1016. Is this acid capable of combining with different proportions of 
oxygen ^ 

1017. Why is not the least degree of oxygenation called the muri- 
tous acid? 

1018. What is the highest de^ee of oxygenation of th^ acid called ' 

1019. How is the oxy-muriaticaci<? obtained/ 
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may be received over water, as it is but sparingly absorbed by it. 
I have collected some in this jar — • 

Caroline, It is not invisible, like the generality of gases ; for it is 
of a yellowish color. 

Mrs. B, The muriatic acid extinguishes flame, whilst, on the 
contrary, the oxy-muriatic makes the flame larger, and gives it a 
dark red color. Can you account for this difference in the two 
acids ? 

JEhmfy, Yes, I think so ; the muriatic acid will not supply the flame 
with the oxygen necessary for its support ; but when this acid is 
further oxygenated, it will part with its additional quantity of oxy- 
gen, and in this way support combustion. f 

Mrs, B, This is exactly the case ; indeed the oxygen added to 
the muriatic acid, adheres so slightly to it, that it is separated by 
mere exposure to the sun's rays. This acid is decomposed also by 
combustible bodies, many of which it bums, and actually inflames, 
without any previous increase of temperature. 

Caroline, That is extraordinary, indeed ! I hope you mean to in- 
dulge us with some of these experiments ? 

Mrs, B, I have prepared several glass jars of oxy-muriatic acid 
gas for that purpose. In the first, we shall introduce some Dutch 
gold leaf. — Do you observe that it takes fire ? 

Emity, Yes, indeed it does — ^how wonderful it is ! It became im-. 
mediately red hot, but was soon smothered in a thick vapor. 

Caroline, What a disagreeable smell ! 

Mrs. B. We shall try the same experiment with phosphorus in 
another jar of this acid. You had better keep your handkerchief to 
your nose when I open it — now let us drop into it this little piece of 
phosphorus — 

Caroline, It burns really ; and almost as brilliantly as in oxygen 
gas ! But what is most extraordinary, these combustions take place 
without the metal or phosphorus being previously lighted, 'oi even 
in the least heated. 

Mrs. B, All these curious effects are owing to the very great fa-i 
cility with which this acid yields oxygen to such bodies as are 
strongly disposed to combine with it. It appears extraordinary in- 
deed to see bodies, and metals in particular, melted down and in- 
flamed by a gas, without any increase of temperature, either of the 
gas or of the combustible. The phenomenon, however, is, you see, 
well accounted for. 

Emily. Why did you bum a piece of Dutch gold leaf rather than 
a piece of any other metal ? 

Mrs, B, Because, in the first place, it is a composition of metals 

* Breathing only a few bubbles of the gas is attended with bad — 
sometimes with dangerous consequences. The young chemists, 
therefore, had better not undertake to make it.-^-C. 

f According to this new theory of chlorine, as will be explained 
at the end of this conversation, this combustion is eff*ected in con- 
sequence of the union of chlorine (or oxy-muriatic acid) with the 
hydrogen of the combustible body. 

1020. Why will the muriatic acid extinguish flame, and oxy-muri- 
atic acid make it larger, giving it a dark red color ? 

1021. Why will some combustible bodies bum in this acid without 
any previous increase of temperature 1 
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(ooxwisting ehieflf of copper) which bums readily ; and I use a ddn 
metallic 1^ in preference to a Inmp of metal, because it ofien to 
the action of the gas bat a small quantity of milter under a larg& 
surface. Filings, or shavings, would answer the purpose nearly as 
well ; but a lump oCmetal, Siough the sur^u^e would oxydate wiUi 
great rabidity, would not take fi^. Pure gold is not inflamed by 
oxy-muriatic acid ^, but it is rapidly oxydated, and dissolved by 
it ; indeed, this acid is the only one that will dissolve gold. 

Unify, This, I suppose, is what is commonly called aqua regia^ 
which you know is the only thing that will act upon gold. 

Mrs. B, This is not exactly the case either ; for aqua regia is 
composed of a mixture of muriatic acid and nitric acid. But, in 
feet, the result of this mixture is the formation of oxy-muriatic 
acid, as the muriatic acid oxygenates itself at the expense of the 
nitric ; this mixture, therefore, though it bears the name of nitro^ 
nmnatic add^ acts oq gold merely in virtue of the oxy-mw^tic add 
which it contains. 

Sulphur, volatUe oils, and many -other substances, will bum in the 
same manner in oxy-muriatic acid gas ; but I have not prepared a 
sufficient quantity of it, to show combustion of all these bodies. 

OxroUne, There are several jars of the gas yet remaining. 

Mrs, B. We must reserve these for future experiments. The 
oxy-muriatic aeid does not, like other acids, redden the blue vege^ 
table colors ; but it totally destroys all color, and turns vegetables 
perfectly white. Let us collect some vegetable substances to put 
mto this glass, which is full of gas. 

Emify. Here is a sprig of myrtle— 

Caroane, And here some colored paper — 

Mrs. B. We shall also put in this piece of scarlet riband, and a 
rose — 

Emily. Their colors begin to fade immediately. But how does 
the gas produce this effect ? 

Mrs.jB. The oxygen combines with the coloring matter of these 
substances, and destroys it ; that is to say, destroys the property 
which these colors had of reflecting only one kind of rays, and ren- 
ders them capable of reflecting them al]^ which, you know wiU 
make them appear white. Old prints may be cleansed by this ad4, 
for the paper will be whitened without injury to the impression, as 
printer's ink is made of materials (oil and lamp black) which are 
not acted on by acids.' 

This property of the oxy-muriatic acid has Jately been employed 
in manufactures in a variety of bleaching processes ; but for thes^ 
purposes, the ^as must be dissolved in water, as the acid is thu& ren- 
dered much mUder and less powerful in its efl^ts ; for in a gaseous 

1022. By what acid is gold ozj dated and dissolved ? 

1023. Why does admixture of nitric and muriatic acids dissolve gold 
when neither of them will do it alone ? 

1024. What efiect does the oxy-muriatic acid have on vegetable 
colors ? 

1025. Why does it produce this eflfect ? 

1026. Why is it, that the paper of old prints may be cleansed by this 
acid, without any injury to the impression ? 

1027. Of what use is the ozy-mnriatic acid in manufmetores ^ 
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0tate, it would destroy the textcue, as well as the eolor of the sub- 
btance submitted to its action. 

Caroline. Look at the things which we put into the gas ; they 
have now entiyely lost their color ! 

Mrs, B. The effect of the acid is almost completed ; and if we 
were to examine the quantity that remains, we should find it to 
consist chiefly of muriatic acid. 

The oxy-muriatic acid has been used to purify the air in fever 
hospitals and prisons, as it burns and destroys putrid effluvia of 
every kind. The infection of the small-pox is Hkewise destroyed 
by this gas, and matter that has been submitted to its influence will 
no longer generate that disorder. 

Caroline. Indeed, I think the remedy must be nearly as bad as 
the disease ; the oxy-muriatic acid has such a dreadfully sui£bcating 
smell. 

Mrs. B. It is certainly extremely offensive : but by keeping the 
mouth shut, and wetting the nostrils with liquid ammonia, in order 
to neutralize the vapor as it reaches the nose, its preiudicial effects 
may be in some degree prevented. At any rate, however, this 
mode of disinfection can hardly be used in places that are inhabited. 
And as the vapor of nitric acid, which is scarcely less efficacious 
for this purpose, is not at all prejudicial, it is usually preferred on 
such occasions. 

Caroline. You have not told us yet what is Sir H. Davy's new 
opinion respecting the nature of muriatic acid to which you alluded 
a few minutes ago ? 

Mrs. B. True : I avoided noticing it then, because you could 
not have understood it without some previous knowledge of the 
oxy-muriatic acid, which I have but just introduced to your ac- 
quaintance. 

Sir H. Davy's idea is, that muriatic acid, instead of being a com» 
pound consisting of an unknown basis and oxygen, is formed by 
the union of oxy-muriatic gas with hydioffen. 

Dmily. Have you not told us just now that oxynnuriatic gas was 
itself a compound of muriatic acid and oxygen ? 

Mrs, B. Yes ; but according to Sir H. Davy's hypothesis, oxy* 
muriatic gas is considered as a simple body, which contains no oxy- 
gen — as a substance of its own kind, which has a great analogy to 
oxygen in most of its properties, though in others it differs entirely 
from it. According to this view of the^subject, the name of oan^^ 
muriatic acid can no longer be proper, and therefore. Sir H. Davy 
has adopted that of cfdorine or chlorine gas, a name which is simply 
expressive of ijs greenish color ; and in compliance with that phi* 
losopher's theory, we have ^aced chlorine in oar table among the 
simple bodies. 

QfroUne. But what was Sir H. Davy's reason for adopting an 
opinion so contrary to that which had hitherto prevailed ? 

Mrs. B. There are many circumstances which are favorable to 
the new doctrine ; but the clearest and simplest fact in its support is, 

1098. For what medicinal purpose has it been used ? 

1029. How may the inconvenience of the oxy-muriatic acid be pre- 
vented ? 

1030. What does Sir H. Davjr suppose muriatic acid to be ? 

1031. Why is oxy-muriatic acid lately calle4 chlorine .' 
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tiiat tf bydre^ ^9M tad oxT^muriatie m bt^ mixad together, bath 
these ^ases disappear, and muriatic add gas is fonaed. 

JBnu^. That seems to be a complete proof; is it not consideied 
as perfectly conclasive ? 

Mrs. B. Not so dedsive as it appears at first si^ht; because it is 
argued by those who still indine to the old dootrme, that muiiatio 
acid gas, however dry it may be, always contains a certain quamtity 
of water, which is supposed essential to its formation. So that, in 
the experiment just mentioned, this water is supplied by the union 
of the hydrogen gas with the oxygen of the oxy-muriatic add ; and 
therefore the mixture resolves itself into the base of muriatic add 
and water, that is, muriatic acid gas. 

Caroline, I think the old theory most be the true one ; for other? 
wise how could you explain the formation of oxy-muriatio gas, ftoxu 
a mixture of muriatic acid and oxyd of manganese ? 

Mrs. B. Very easily ; you need only suppose that in this prooess 
the muriatic acid is decomposed ; its hydrogen unites with the oi^- 
gen of the manganese to rorm water and the chlorine appears in its 
separate state. 

EmUy. But how can yeu explain the various combustions which 
take place in oxy>muriatic gas, if you ccmsider it as containing no 
oxygen ? 

Mrs. B. We need only suppose that combustion is the result of 
intense chemical action ; * so that chlorine, like oxygen, in com- 
bining with bodies, forms compounds which have less capacity for 
caloric than their constituent principles, and, therefore, caloric is 
evolved at the moment of their combination. 

Emily. If, then, we may explain every thing by either theory, to 
which of the two shall we give the preference ? 

Mrs. B. It will perhaps, be better to wait for more decisive 
proofs, if such can oe obtained, before we decide positively upon 
the subject. The new doctripe has certainly gained g-round very 
rapidly, and may be considered as generally established ; but a few 
competent judges will refuse their assent to it, and until that theory 
is estabUshed beyond all doubt, it may be as well for us still occa- 
sionally to use the language to which chemists have long been 
accustomed. But let us proceed to the examination of salts formed 
by muriatic acid. 

Among the compound salts formed by muriatic acid the muriat 
of soda, or common salt, is the most interesting.! ^^^ ^^ ^^^ I^^^ 

* '* Intense chemical action," neither explains the process, nor 
indeed conve3ns to the mind any definite idea. The views of Sir 
H. Davy on the composition of chlorine, are codibatted by many 
of the first chemists in England, as weU as in this country. The 
inquisitive reader may become acquainted with the grounds of dis- 
pute on both sides by referring to Cooper's edition of Thompson's 
ehemistry. — C. 

S According to Sir H. Davy's view of the nature of the muriatic 
oxy-muriatic adds, dry iQuriat of soda is a compound of sodium 

1032. What are the reisons for supposing that chlorine is not a sim- 
ple substance ? 

• 1033. How are the combustions in ozy-muriatic acid esj^ained, if it 
does not contain oxygen ? 

1034. WhatisaaidonthesubjeUinihenotef 
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petdes of this salt aie toa wdl knowB to require mctch ooaamtnt. 
Besides the pleasant flavor it imparts to tlie food, it is v^ w&ole- 
ftome when not used to excess, as it assists in the process of digestion. 

Sea- water is the great source from which muriat of soda is ej." 
iracted by evaporation. But it is also found in large solid masses 
in the bowels of the earthy in England, and in Boajay ether parts 
of the world. 

Emily. I thought that salts, when solid, were always in the state 
of crystals ; biit the common table salt is in the ibrm of a coarse 
white powder. 

Mrs. B. Crystallization depends as you may r^oUect, on the slotir 
and rOgular re-imion of particles dissolved in a fluid ; common sea- 
filalt is onljr in a state of imperfect crystallization, because the proeesa 
by which it is prepared is not favorable to^ the formation of regular 
crystals. But if you dissolve k, and afterwards evaporate tiie water 
slowly, you will -obtain a regular crystallization. 

Muriat of ammonia is another combination of this acid, which we 
have already mentioned as the principal source from which ammo- 
nia is derived. 

I can at once show jom the formation of this salt by the immediate 
eombination of muHatic acid with ammonia. iThese tWo glass jars 
contain, the one muriatic acid gas, the other ammoniacal gas, both 
Kd which are perfectly invisible — now, if I mix them together, you 
see they immediately form an opaque white cloud, like smoke. If 
a thermometer was placed in the jar in which these gases are mixed, 
you would perceive that some heat is at the same time produced. 

Emily. The effects of chemical combinations are, indeed, won- 
derful ! — How extraordinary it is that two invisible bodies should 
become visible by their union ! 

Mrs. B. This strikes you with astonishment, because it is a phe- 
homenon which nature seldom exhibits to our view ; but the most 
common of her operatons are as wonderful, and it is their fre^ 
quency only that prevents our regarding them vdth equal admira- 
tion. What would be more surprising, for instance, than combust 
tion, were it not rendered familiar by custom ? 

Emiky. That is true. But pray, Mrs. B., is this white cloud the 
salt that produces ammonia? How different it is froni the solid 
muriat of ammonia which you once showed us ! 

Mrs, B. It is the same substance, which first appears in the state 
of vapor, but will soon be condensed by cooling against the sides 
of the jar, in the form of very minute crystals. 

We now proceed to the oxy-muriats. In this cla&s of salts the owy^ 
muriat of potash* is the most worthy of our attention, for its striking 

and chlorine, for it may be formed by the direct combination pf oxy- 
muriatic gas and sodium. In his opinion, therefore, what we com- 
monly call muriat of soda, contains neither soda nor muriatic acid. 

* tibcy-muriat of potash is prepared by passing chlorinis through a 
solution of potash in water; The process is Icmg and difficult;— %. 

IU36. Where is the muriat of soda obtained? 

1036. On what does crystallization depend ? 

10S7.. Why is common salt in a state of impeiriEbiet erptallization ' 

1038. Of what is the muriat of ammonia a combination? 

What two giyK8> when mixed^ form muriat of amraonia ? 
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properties. The add, ia this state of oombiiiaticm, oontsiiiB a stiH 
greater proportion of oxygen than when alone. 

Carokne, But how can the oxy-muriatic add acquire an increase 
of oxygen by combining with potash ? 

Mrs. B. It does not really acquire an additional quantity of 
oxygen, but it loses some of the muriatic acid, which produces the 
same effect, as the add' which remains is proportionably super-oxy^ 
genated^ 

If this sak be mixed, and merely rubbed together with sulphur, 
phosphorus, charcoal, or indeed any other coim)UBtible, it explodes 
strongly. 

CStrolin^, like gun-^wder, I suppose^ it is suddenly converted 
into elastic fluids ? 

Mrs, B, Yes : but with this remarkable diflference, that no in- 
crease of temperature, any further than is produced by gentle firic- 
tion, is required in -this instance. Can you tell me what gases are 
generated oy the detonation of this salt with charcoal ? 

Emily. Let me consider The oxy-munatic acid parts with 

its excess of oxygen to the charcoal, by which means it is converted 
into muriatic add eas; whilst the charcoal^being burnt by the 
oxygen, is changed to carbonic acid gas. What becomes of the 
potash I cannot tell. 

Mrs. B. That is a fixed product which remains in the vessel. 

CaroUnei But since the potash does, not enter into the new oombi* 
nations, I do not understand what use it is in the operation. Would 
not the oxy-muriatic acid and the charcoal produce the same effeot 
without it?* 

Mrs. B. No ; because chlorine for oxy-muriatic acid) does not 
unite with charcoal, unless oxygen oe added to it, and this oxygea 
is supplied by the potash. 

I mean to show you this experiment, but I would advise you not 
to repeat it s^one ; for if care be not taken to mix only very small 
quantities at a time, the detonation will be extremel;^ violent, and 
may be attended with dangerous effects. You see I mix an exceed- 
ins small quantity of salt with a little powdered charcoal, in this 
W^edgwood mortar, and rub theip together with a pestle — 

OaroUne. HeaMrens ! How can such a loud explosion be produced 
by so small a quantity of matter? 

Mrs. B. You must consider that an extremely small quantity of 
solid substance tiaay produce a very great volume of gases ; and it 
is the Isudden evolution of these which occasions the sound. 



* According to Sir H. Davy's flew views, just explained, oxy*" 
munat of potash is a compound of chlorine with oxygen and oxyd 
ef potassium. 

1040. What are the peculiar properties of o^y-munat df potash.' 

1041. Why will the oxy-muriat of potash explode if mixed and rubbed 
together with sulphur, phosphorus, oharcoal, or any other combustibia 
stiDstance? 

1042. What gases are generated by the detonation of this salt with 
charcoal? 

1043. Why would not the same effect be produced by the <nyvmii»- 
Hitic acid ana eharooal without the potash ? 
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JEmify, Would not oxy-muriat of potash make stronger gini' 
powder thao nitrat of potash ? 

Mrs. B, Yes ; but the preparatioo, as well as the use of this salt, . 
is attended with so much danger, that it is never employed for that 
purpose. 

Caroline, There is no cause to reffret it, I think ; for the com- 
mon gun-powder is quite sufficiently destructive. 

Mrs. B. I can show you a very curious experiment with this 
salt ; but it must again be on condition that you will never attempt 
to repeat it by yourselves. I throw a small piece of phosphorui^ 
into this glass of water : then a little oxy-muriat of potash ; and 
lastly, I pour in, (by means of this funnel, so as to bring it in con- 
tact with the two other ingredients at the bottom of the glass) a 
small quantity of sulphuric acid — 

Caroline. This is indeed a beautiful experiment! The phos- 
phorus takes fire and bums from the bottom of the water. 

Emily. How wonderful it is to see flame bursting out under 
water, and rising through it ! Pray, how is this accounted for ? 

Mrs. B. Cannot you find it out, Caroline ? 

Emily. Stop~I think I can explain it. Is it not because tht 
sulphuric acid decomposes the salt by combining with the potash, 
80 as to liberate the oxy-muriatic acid gas by which the phosphorus 
is set on fire ? 

Mrs. B. Very well, Emily ; and with a little more reflection yon 
would have discovered another concurring circumstance, which is, 
that an increase of temperature is produced in the mixture of the 
sulphuric acid and water, which assists in promoting the combus- 
tion, of the phosphorus. 

I must, before we part, introduce to your acquaintance the newly 
discovered substance, iodine, which you may recollect we placed 
next to oxygen and chlorine in our table of simple bodies. 

Caroline. Is this also a body capable of maintaining combustion 
like oxygen and chlorine ? 

Mrs. B. It is ; and althouffh it does not so generally disengage 
light and heat from inflammable bodies, as oxygen and chlorine do, 
yet it is capable of combining with most of them ; and sometimes, 
as in the instance of potassium and phosphorus, the combination is 
attended with an actual appearance of li^ht and heat. 

Caroline. But what sort of substance is iodine ? what is its form 
and color ? 

Mrs. B. It is a very singular body in many respects. At the 
ordinary temperature of the atmosphere, it conmionly appears in 
the form of bluish-black crystalline scales, such as you see in this 
tube. 

CaroHne. They shine like black lead, and some of the scales 
have the shape of lozenges. 

Mrs. B. That is actually the form which the crystals of iodine 

1044 From what may a stronger gun-powder than that now used be 
made ? 

1045. Why is it not used ? 

1046. How may phosphorus be set on fire in water ? 

1047. Why is this efiect produced ? 

1048. How does iodine difier from oxygen and chlorine ? 

1049. How does iodine appear ? 

21 
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often assume. But if we heat tbem gently by hol&g the tobe over 
the flame of a candle, see what a change takes place in theii»^ 

Caroline. How cnrions! They seem to melt, and the tobe im- 
mediately fills with the beantifiil violet vapor. But look, Mrs. B., 
the same scales are now appearing at the other end of the tobe. 

Mr$. B. This is, in fact, a soUimation of iodine, from one part 
of the tube, to anotiier ; bot veith this re m arka ble peculiarity, that 
while in the gaseous state, iodine assumes that bright violet color, 
which as you may already perceive, it loses as the tube cools, and 
the substance resumes its usual solid form. It is fiom the violet 
color of the ^as that iodine has obtained its name. 

Caroline. But how is this curious substance obtained ? 

Mrs. B. It is found in the ley of ashes, of sea-weeds, after the 
soda has been separated by crystallization ; and it is disengaged by 
means of sulphuric acid, which expels it from the alkaUne ley in 
the form of a violet gas, which may be collected and condensed in 
the way which you have just seen. This interesting discovery was 
made in the year 1812, by M. Courtios, a manufacturer of saltpetre 
at Paris. 

Caroline. And pray, Mrs. B., what is the proof of iodine being 
a simple body ? 

Mrs. B. It is considered as a simple body, both because it is not 
capable of beinff resolved into other ingredients ; and because it is 
itself capable of combining with other bodies, in a manner analo- 
^us to oxygen and chlorine. The most curious of these combina- 
tions is that which it forms with hydrogen gas, the result of which 
is a pecuhar ^seous acid. 

Caroline. Just as chlorine and hydrogen gas form muriatic add. 
In this respect chlorine and iodine seem to l^ar a strong analogy to 
each other. 

Mrs. B. That is indeed the case ; so that if the theory of the 
constitution of either of these two bodies be true, it must be true 
also in regard to the other ; if erroneous in the one, the theory 
must fall in both. 

But it is now time to conclude ; we have examined such of the 
acids and salts as I conceived would appear to you most interesting* 
I shall not enter into any particulars respecting the metallic acids, 
as they offer nothing sufficiently striking for our present purpose. 



CONVBRSATION XX. 

ON THE NATURE AND COHPOSITION OF TEOETABLES. 

Mrs. B. We have hitherto treated only of the simplest combi- 
nation of elements, such as alkalies, earths, acids, compound salts^ 

1050. How can you show the violet colored gas ? 

1051. From what does iodine obtain its name I 

1052. How is iodine obtained > 

1053. Why is iodine reckoned a simpre body ? 

1054. In what respect do chlorine and iodine resemble each other ^ 

1055. What are the simplest combinations of elements? 
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etenes, &e. all of which belong to the toineral kingdom. It is time 
now to turn our attention to a more complicated class of compounds, 
that of ORGANIZED BODIES, whlch will furnish us with a new 
source of instruction and amusement. 

Emil^. By organized bodies, I suppose you mean the vegetable 
and animal creation? I have, however, but a very vague idea of 
the word organization, but I have often wished to know more pre- 
cisely what it means. 

Mrs. B. Organized bodies are such as are endowed by nature 
with vaa-ious parts, peculiarly constructed and adapted to perform 
certain functions connected with life. Thus, you may observe, that 
mineral compounds are formed by the simple effect of mechanical 
or chemical attraction,^ and may appear to some to be, in a great 
measure, the productions of chance : whilst organized bodies bear 
the most striking and impressive marks of design, and are emir 
nently distinguished by that unknown principle called ^e, from 
wMch the various organs derive the power of exercismg their 
respective functions. 

Caroline. But in what manner does life enable these organs to 
perform their several functions? 

Mrs, B. That is a mystery which I fear is enveloped in «uch 
profound darkness, that there is very little hopes of our ever being 
able to unfold it. We must content ourselves with examining th« 
effect of this principle ; as for ihe cause we have been able only to 
give it a name, without attaching any other meaning to it than th© 
vague and unsatisfactory idea of an unknown agent. 

Caroline, And yet I think I can form a very clear idea of life. 

Mrs. B. Pray let me h^ar how you would define it? 

Caroline. It is, perhaps, more easy to conceive, than to expresa— 
let me consider — Ik not life the power which enables both the ani- 
mal and the vegetable creation to perform the various functions 
which nature has assigned to them ? 

Mrs. B. I have nothing to object to your definition ; but you will 
allow me to observe, that you have «nly mentioned the effects whidi 
the "unknown cause produces, without giving us any notion of the 
cause itself. 

Emily. Yes, Caroline, you have 4old its what yfe 49^, but yoa 
have not told us what it is. 

Mrs. B. We may jstudy its operations ; but we should puzzle 
ourselves to no purpose by attempting to form an idea of its real 
nature. 

We shall begin with examining its effects in the vegetable world, 
which constitutes the amplest ckss of organized bodies ; these we 
shall find distinguished from the mketal creation, not only by their 
more complicated nature, but by the pow«r whi(^ they possess 
within themselves, of forming new chemical arrangements of their 
constituent parts, by means of appropriate organs. Thus, though 
all vegetables are ultimately composed of hydrogen, carbon, and 
oxygen, (with a few other occasional ingredients,) they separate and 

1056. What are organized bodies ? 

1057. How do they differ from inorganic matter? 

1058. What is life in its philosophic acceptation ? 

1059. What is the simplest class of organized bodies ? 

1060. Of what are vegetables mostly ccnnposed ? 
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eombiDe these principles, by thdr Tarioas orgnxm, in a thousand 
ways, and fonn, with them, diJQferent kinds of joices and solid parts, 
which exist ready made in vegetables, and may therefore, be con- 
sidered as their immediate materials. 

These are, 

Sap, Resins, 

Mucilage, Gum Resms, 

Sugar, Balsams, 

F&cula, Caoutchouc, 

GkOen, Extractive Coloring Matter, 

Fixed Oil, Tannin, 

Volatile CHI, Woody Fibre, 

Canwhor, Vegetable Acids, Sic, 

CaroUne. What a long Ust of names ! I did not suppose that a 
TCffetable was composed of half so many ingredients. 

Mrs, B, You must not imagine that every one of these materials 
is formed in each individual j^ant. I only mean to say, that they 
are all derived exclusively from the vegetable kingdom. 

Emily, But does each particular part of the plant, such as the 
root, the bark, the stem, the seeds, and leaves, consist of one of these 
ingredients only, or of several of them combined together ? 

Mrs, B. I believe there is no part of a plant which can be said to 
consist solely of any one particular ingredient ; a certain number of 
vegetable materials must always be combined for the formation of 
any particular part, (of a seed n>r instance,) and these combinations 
aio carried on by sets of vessels, or minute organs, which select 
from other parts, and bring together the several principles required 
for the developement and growth of those particular parts which 
th^ are intend^ to form and to maintain. 

Emily, And are not these combinations always regulated by the 
laws of chemical attraction ? 

Mrs, B. No doubt ; the organs of plants <»nnot force principles 
to combine which have no attraction for each other : nor can they 
compel superior attractions to yield to those of inferior power; they 
probably act rather mechanically, by bringing into contact such 
principles, and in such proportions, as will, by their chemical com- 
bination, form the various vegetable products. 

Caroline, We may then consider each of these organs as a curi- 
ouidy constructed apparatus, adapted for the performance of a variety 
of chemical processes. 

MrSf B. jSxactly so. As long as the plant lives and thrives, the 
cajrbon, hydrogen, and oxygen, (the chief constituents of its imme- 
diater materials,) are so balanced and connected together, that they 
are not susceptible of entering into other combinations; but no 
sooner does death take place, than this state of equilibrium is de- 
stroyed and new combinations produced. 

1061. What are the ingredients of vegetables? 

1062. Is it to be supposed that all these ingredients exist in a sin^ 
vegetable.' 

1063. And does apy ve^table or any part of one consist solely of a 
single one of these ingredients ? 

1064. By what are uie combinalions in the vegetable kingdom regu- 
Uted? 

1065. How may the organs of plants be consideied ? 
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JBmify* But why should death destroy it ? for these princmles naost 
remain in the same proportions, and consequently, I should suppose 
in the same order of attractions ? 

Mrs. B. You must remember, that in the veffetable, as well aa in 
tiie animal kingdom, it is by the princifde of Hfi that the organs are 
enabled to act ; when deprived of that agent or stimulus, their powef 
ceases, and an order of attractions succeeds, similar to that which 
would take jjlace in mineral or unorganized matter. 

Emily, It is this order of attracti(Mis, I suppose, that destroys the 
organization of the plant after death ; for if the same combination* 
BtUl continued to prevail^ the plant would always remain in the statd 
*n which it died. 

Mrs. B. And that, you know, is never the case ; plants may be 
partiaHy preaenrsd for some time after death, by drying ; but in the 
natural course ^f events they all return to the state of simple ele- 
ments : a wise and admirable dispensation of Providence, by which 
dead plants are rendered fit to enrich the soilj and become subser- 
"vient to the nourishment of living Vegetables. 

Caroline. But wo are talking of the dissolution of plants, before 
we have examined them in their living state. 

Mrs. B. That is true, my deaf; But I wished to giVe you a gen- 
eral idea of the nature of vegetation, before we entered into par- 
ticulars. Besides, it is not so irrelevant as you suppose to talk of 
Vegetables in their dead states since we (iannot analjrze them with- 
out destroying life ; and it is only by hastening to submit them td 
examination, immediately after ihey have ceased to live, that w^ 
can anticipate theit natural decomposition; There are two kindd 
-of analysis of whieh vegetables are susceptible ; first, that which 
separates them into their immediate materials, such as sap, resin; 
mucilage, &c. ; secondly, that which decomposes them into their 
primitive elements, as carbon, hydrogen, and oxygen. 

Eimily. Is there not a third kiod of analysis of plants, which con-: 
sists in separating their Various parts, a$ the stem, the leaves, and 
the several organs of the flower ? 

Mrs. B. That, my dear, is rather the department of the botanist ; 
we shall consider these different parts of plants only, ai^ the organs 
by which the various secretions or separations are performed ; but 
we must first examine the nature of these secretions. 

The sap is the principal material of vegetables, since it contains 
the ingredients that nourish every part of the plant. The basis of 
this juice, which the roots suck up from the soil, is water ; this holds 
in solution the various other ingredients required by the several 
parts of the plant, which are gratkially secreted from the sap by th^ 
diflTerent organs appropriated to that purpose, as it passes them in 
circulating throuffh the plant 

Mucus or mucuagei is a vegetable substance, which, like all the 

1066. Why shonld death destroy vegetable combinations ? 
1U67. What is an admirably wise dispensation of Providence in re-' 
gard to the nature of plants ? 

1068. Of bow many kinds of aatalyaiid zxh vegetates susceptible ? 

1069. What is the first? 

1070. What is the second ? 

1071. What is the principal material of vegetables ? 
1072 What is the basis of this juice .' 

21* 
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othets is secreted from tiie sap ; when in excess, it exudes from the 
trees, in the form of ffum. 

Caroline, la that the gam so frequently used instead of paste ox 
glue ? 

Mrs. ^. It is : almost all fruit trees yield some sort of gum, hat 
that most commonl3r used in the arts is obtained from a species of 
acacia-tree in Arabia, and is called gtan arabic; it forms the chief 
nourishment of the natives of those parts, who obtain it in great 
quantities from incisions which, they make in the trees ? 

Caroline, I did not know that gum was eatable. 

Mrs. B. There is an account of a whole ship's company being 
saved from starviog, by feeding on the cargo, wriich was gum Sen- 
egal. 1 should notj however, imagine, tteit it would be either a 
pleasant, or a particularly eligible met to those who have not, from 
fheix birth, been accustomed to it. It is, however, frequently taken 
medicinally, and considered as very nourishing. Several kmds of 
vegetable acids may be obtained, by particular processes, from gmn 
or mucilage, the principle of which is called the mucous add. 

Su^ar IS not found in its simple state in plants, but is always mix- 
ed with gum, sap, or other ingredients ; this saccharine matter is ta 
be met with in every vegetable, but abounds most in roots, fjnute, 
and particularly in the sugar cane. 

Emily. If all vegetables contain sugar, why n it extracted exchi- 
siveljr ttom the sugar-cane ? 

Mrs. B. Because it is both most abundant in tiiat plant, and 
most easily obtained from it. Besides, the sugars produced by oth* 
er vegetables differ a little in their nature. 

During the late troubles in the We^t Indieii, when Europe was 
but imperfectly supplied with sugar, several attem^ti? were madft 
to extract it from other vegetables, and very good sugar ia obtained 
from parsnips and from carrots ; but the process was too expensive 
to carry this enterprize to any extent. 

Caroline. I should think that sugar miffht be more easily obtain- 
ed from sweet fruits, such as figs, dates, &jc. 

Mrs. B. Probably ; but it wouM be stUl more expensive, from 
the high price of those fruits, and it would not be exactly like com*, 
mon sugar.* 

Emily. Pray, in what manner is sugar obtained from the sugars 
cane? 



• Some foreign chemi^sts (MM. Kirkoff, Braconnot, &c.) have 
found that if starch be boiled for a long time in water containing 
one fortieth part of sulphuric acid, and evaporated down to a certain 
consistence, the solution of starch concretes, in cooling, into a sofid 
brownish mass, which has the taste and other general properties of 
sugar. During this process, no gas is disengaged, and the acid i^ 
not decon^posed.. 

1073. What is the mucilage of vegetable*? 

1074. What uses are made of mucilage or gum ?• 

1075. In what state does sugar naturally exist ? 

1076. In what does it mostly abound ? 

1077. If it is found in. all vegetables, why is it extnctedfrom iBM 
i^ponJ:^? 
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Mrs, J9. Tlie Juice of this plant is first expressed by passing it 
between two cyhnders of iron. It is then boiled with lime water, 
which makes a thick scum rise to the surface. Hie clarified liquor 
is let oflf below, and evaporated to a very small quantity," after 
which it is suffered to crjrstallize by standing in a vessel, the bottom 
of which is perforated with holes, that are imperfectly stopped in 
order that the syrup may drain ofif. The sugar obtained by this 
process is a coarse, brown powder, commonly called raw or moist 
Bugar ; it undergoes another operation to be refined and converted 
into loaf sugar. For this purpose it is dissolved in water, and af- 
terwards purified by an animal fluid called albumen. White of eggs 
chiefly consists of this fluid, which is also one of the constituent parts 
of blood : and consequently eggs, or bullock*s bloody are commonly 
rsed for this purpose. 

Phe albmrnnous fluid being diflfiised through the syrup, combines 
with all the solid impurities contained in it, and rises with them to 
the surface, where it forms a thick scum ; the clear liquor iis then 
again evaporated to a proper consistence, and poured into moulds 
in which, by a confused crystallitation, it forms loaf sugar. But an 
additional process is required to whiten it : to tlris e^ct, the mouM 
is inverted, and its open base is covered with clay, through which 
water is made to pass ; the water slowly trickling through the sugar,, 
eombines with and carries off the coloring matter. 

Caroline, I am very glad to hear that the blood that is used to 
purify sugar does not remain in it ; it would be a disgusting idea. I 
nave heard of some improvements by the late Mr. HowanI, in the^ 
process of refining sugar. Pray what are they ? 

Mrs. R, It would be much too long to- give y«u an aeooiint of the- 
process fii (JetaiL But the principal improvement relates to the mode 
of evaporating the syrijp in order to bring it to the consistency of 
sugar. Instead of boiling the syrup ki a ferge copper, over a strong 
fire, Mr. Howard carries off the water by means of a large air pump,, 
in a way similar to that used in Mr. Leslie *s experiment for freezing 
water by evaporation ; that is, the syrup being exposed to a vacuum, 
the water evaporates quickly, with no greater heat than that of a lit- 
tle steam, which is introduced round the boiler. The air pump is of 
course of large dimensions, and is worked by a steam engine. A 
great saving is thus obtained and a striking instance afforded of the 
power of science in suggesting useful economical improvements. 

Emily. And pray, how are sugar candy and barley sugar prepar- 
ed .' 

Mrs. B. Candied sugar is nothing more than the regular crystals, 
obtained by slow evaporation from a solution of sugar. Barlev-^ 
sugar is sugar melted by heat, and afterwards cooled in moulds of a 
spiral form. 

Sugar may be decomposed by a red heat, and, like all other veg- 
etable substances, resolved into carbonic acid and hydrogen. The 
formation and the decomposition of sugar, aflbrd many very inter* 
esting particulars, which w^ shall fully examine after having gon» 

1078. In what manner is «ugar obtained from Buear-caiie ? 
^079. How is suffar refined or converted into loaf sugar? 
1060. What is mt. Howard's improvement for refining sugar t 
J^l. How is sugar candy and barley sugar prepared? 
^089. How majt sugar be decomposed, and what is the pcodact^ 
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throvgk the other materials of vegetaldes. We ^all ^d th^t them 
is reasoa to suppose that sugar is not like the other materials^ se* 
creted firom the sap hy impropriate orgaos ; but that it is formed by 
a peculiar process, with whicn you are not yet acquaisted. 

Caroline. Fray, is not honey of the same nature as sugar? 

Mrs, B. Honey is a mixture of saccharine matter 4uid gum. 

Emibf, I bought that honey was in some measure an animal sub* 
stance, as it is prepared bv the bees. 

Mrs, B, It is ra&er collected by them from flowers, and conveyed 
to their store houses, the hives, it is the wax only that undergoes 
a real alteration in the body of the bee, and is thence converted into 
an animal substance.* 

Manna is another kind of sugar, whidi is united with a nauseous 
extractive matter, to which it owes its peculiar taste and color. It 
exudes like gum from various trees in hot climates, some of which 
have their leaves glazed by it. 

The next of the ve^table materials is fecula; this is the general 
name given to the fannaceous substance contained in all seeds, and 
in some roots, as the potatoe, parsnip, &c. It is intended by nature 
ibr the first aliment of the young vegetable ; but that of one partic- 
ular grain is become a favorite and most common food of a large 
part of mankind. 

Emily. You allude, I suppose, to bread, which is made of wheat 
flour ? 

Mrs. B. Yes ; the fecula of wheat contai|is also another vegeta^ 
ble substance which seems peculiar to that seed, or at least has not 
as yet been obtained from any other. This is gluten, which is of a 
sticky, ropy, elastic nature ; and it is supposed to be owing to the 
viscous qualities of this substance, that wheat flour forms a much 
better palste than any other. 

Dmuy. Gluten by your description, must be very like gum ? 

Mrs. B. In their sticky nature, they certainly have some resem- 
blance : but gluten is esswitially different from gum in other points, 
and especially in its being insoluble in water, whilst gum, you 
know, IS extremely soluble. 

The oils contained in vegetables, all consist of hydrogen and car* 
bon in various proportions. They are of two kinds, fixed and uo/a- 
^, both of which we formerly mentioned. Do you remember in 
what the diflTerence between fixed and volatile oils consists ? 

Emily. If I recollect rightly, the former are decomposed by heat, 
whilst the latter are merSy volatSized by it. 

* It was the opinion of Huber, that the bees prepared their wax 
from honey and sugar. There is^ however, found on the leaves of 
some plants, a substance, having all the properties of wax ; and 
that bees-wax itself is not an animal substance, is clear from it» 
analysis. — C. 

1083. Of what does honey consist? 

1084. What is said of the wax of bees? 

1085. What is manna ? 

1086. What i» the fbcola of vegetables f 

1087. Whatisgl«te»f 

1088. How does gluten difler from gum ? 

1089. Of what do vegetable oils consist ? 

yw. What is the diflerenee betweea fixed and vt^atilt oiWi^ 
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Mrs, B, Very well. Fixed oil is contained only in the seeds of 
plants, excepting in the olive, in which it is produced in, and ex- 
pressed from the fruit. We have already observed that seeds con- 
tain also fecula '; these two substances, united with a little mucilage, 
form the white substance contained in the seeds or kernels of plants, 
and is destined for the nourishment of the younff i)lant, to which the 
seed gives birth. The milk of almonds, which is expressed from 
the seed of that name, is composed of those three substances. , 

Emily. Fray, of what nature is the linseed oil which is used in 
painting ? 

Mrs, B, It is a fixed oil, obtained from the seed of flax. Nut 
oil, which is frequently used for the same purpose, is expressed 
from walnuts. 

Olive oil is that which is best adapted to culinary purposes. 

Caroline, And what are the oils used for burning ? 

Mrs. B, Animal oils, most commonly ; but the preference given 
to them is owing to their being less expensive ; for vegetable oils 
bum equally well, and are mofe pleasant, as their smell is not 
offensive. 

Emily. Since oil is so good a combustible, what is the reason 
that lamps so frequently require trimming ? 

Mrs. B. This sometimes proceeds from the construction of the 
lamps, which may not be sufficiently favorable to a perfect com- 
bustion ; but there is certainly a defect in the nature of oil itself, 
which renders it necessary for the best constructed lamps to be oc- 
casionally trimmed. This defect arises from a portion of mucilage 
which it is extremely difBcult to separate from the oil, and which 
being a bad combustible, gathers round the wick, and thus impedes 
its combustion, and consequently dims the light. 

Caroline. But will not oils burn without a wick ? 

Mrs. B. Not unless their temperature be elevated to five or six 
hundred degrees ; the wick answers this purpose, as I think I once 
before explained to you. The oil rises between the fibres of the 
cotton by capillary attraction, and the heat of the burning wick 
volatilizes it, and brings it successively to the temperature at which 
it is combustible.' 

Emily. I suppose the explanation which you have given with 
regard to the necessity of trimming lamps, applies also to candles, 
which so often require snuffing ? 

Mrs. B. I believe it does ; at least in some degree. But besides 
the circumstances just explained, the common sorts of oU are not 
very highly combustible, so that the heat produced by a candle, 
which is a coarse kind of animal oil, being msufficient to volatilize 
them completely, a quantity of soot is gradually deposited on the 
wick, which dims the light, and retards the combustion. 

Caroline, Wax candles, then, contain no incombustible matter, 
since they do not require snuffing ? 

1091 . From what part of plants are fixed oils obtained ? 

1092. From what w Unseed oil obtained ? 

1093. What oils are best for burning ? 

1094. Since oil is a good combostiUe, what is the reason that lamps 
require so frequent trimming ? 

1095. What is the use of wicks in lamps ? 

1096. Why do candles more than lamps require trimming ? 
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Mrg, B, Wax is a madi better combustible than tallow, bwt still 
not perfectly so, since it likewise contains some particles that are 
unfit for burning ; but when these gather round the wick, (which 
in a wax li^t is comparatiyely smadl,) they weigh it down on one 
side, and ml off together with the burnt [Mirt of the wick. 

Caroline. As oils are such good combustibles, I wonder that they 
should require so great an ele?ation of temperature before the]^ 
beffin to bum ? 

Mrs. B, Though fixed oils will not enter into actual combustion, 
below the temperature of about four hundred degrees,* yet they 
will slowly absorb oxygen at the common temperature of the atmos- 
phere. Hence arises a variety of changes m oils which modify 
their properties in the arts. 

If oil «mply absorbs and combines with oxygen, it thickens and 
changes to a Kind of wax. This change is ob^rved to take place 
on the external parts of certain veget^les, even during their life, 
but it happens in many instances that the oil does not retain all the 
oxygen which it attracts, but that^)art of it combines with, or burns 
the hydrogen of the oil, thus forming a quantity of water, which 
gradually goes ofi* by evaporation. Li this case, the alteration of 
the oil consists not only in the addition of a certain quantity of 
oxygen, but in the diminution of the hydrogen. These oils are 
distinguished by the name of drying oils. Linseed, poppy, and nut 
oils, are of this' description. 

Emily. I am well acquainted with drying oils, as I continually 
use them in painting. But I do not understand why the acquisition 
of oxygen on one hand, and the loss of hydrogen on the other, 
should render them drying. 

Mrs. B. This, I conceive, may arise .from two reasons : either 
from the oxygen which is added l>eing less favorable to the state of 
fluidity than the hydrogen, which is subtracted ; or from this ad- 
ditional quantity of oxygen giving rise to new combinations, in 
consequence of which the most fluid parts of the oil are liberated 
and volatilized. 

For the purpose of painting, the drying quantity of oil is further 
increased, oy adding a quantity of oxyd of lead, to it, by which 
means it is more rapidljr oxygenated. 

The rancidity of oils is Ukewise owing to their oxygenation. In 
this case, a new order of attraction takes place, from which a pe- 
culiar acid is formed, called the sebadc add. 

Caroline. Since the nature and composition of oil is so well known, 
pray, could not oD be actually made, by combining its principles ? 

* This statement is too low. None of the fixed oils boil at a less 
temperature than 600 degrees, nor will they burn until converted 
into vapor ; consequently they cannot bum at a lower temperature 
than 600.— C. 

1097. Why are wax better than tallow candles ? 

1096, What elevation of temperature is neoesMury in order to bum 
oil? 

1099. What are the principal drying oils? 

1100. Why will the oxyd of lead increase the drying qualify of oils? 

1101. To what is the rancidity of oil owing ? 
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Mrs, B. That is by no means a necessary consequence ; for 
there are innumerable varieties of compound bodies which we can 
decompose, although we are unable to reunite their ingredients. 
This, however, is not the case with oil, as it has very lately been 
discovered that it is possible to form oil by a peculiar process, from 
*he action of oxygenated muriatic gas on hydro-carbonate.* 

We now pass to the volatile or essential oils. These form the 
basis of all the vegetable perfumes, and are contained, more or less, 
in everjr part of the plant excepting the seed ; they are, at least, 
never found in that part of the seed which contams the embryo 
plant. 

Emily. The smell of flowers, then, proceeds from volatile oil ? 

Mrs. B. Certainly ; but this oil is often most abundant in the 
rind of fruits, as in oranges, lemons, &c., from which it may be 
extracted by the slightest pressure ; it is found also in the leaves of 
plants, and even in the wood. 

Caroline. Is it not very plentiful in the leaves of mint, and of 
thyme, and all the sweet smelUng herbs? 

Mrs. B. Yes : remarkably so ; and in geranium leaves also, which 
have a much more powerful odor than the flowers. 

The perfumes of sandal fans is an instance of its existence in 
wood. In short, all vegetable odors or perfumes are produced by 
the evaporation of particles of these volatile oils. 

Emily. They are, I suppose, very light, and of very thin consis- 
tence, since they are volatile ? 

Mrs. B. They vary very much in this respect, some of them being 
as thick as butter, whilst others are as fluid as water. In order to 
be prepared for perfumes, or essences, these oils are first properly 
purified, and then, either distilled with spirit of wine, as is the case 
with lavender water, or simply mixed with a large proportion of 
water, as is oflen done with regard to peppermint. Frequently, 
also, these odoriferous waters are prepared merely by soaking the 
plants in water, and distilling. The water then comes over im- 
pregnated with the volatile oil. 

Caroline. Such waters are frequently used to take spots of grease 
out of cloth, or silk : how do they produce that effect. 

Mrs. B. By combining with the substance that forms these stains ; 
for volatile oils, and likewise the spirit in which they are distilled, 
will dissolve wax, tallow, spermaceti, and resins ; if, therefore, the 

♦Hydro-carbonate, is also called olefiant or oil making gas ^ on 
account of the supposed property here mentioned. But later ex- 
periments have shown that the substance it forms with chlorine, in 
not an oil, but a kind of ether, hence it is now known under the 
name of chloric ether. — C. 

1102. Is there any known, method of making oil by combining its 
principles ? 

1103. What forms the basis of vegetable perfumes ? 

1104. In what part of the plant are the volatile or essential oils con- 
tained } 

1105. From what proceeds the smell of flowers.^ 

1 106. How are volatile oils obtained .' 

1107. Why will water mixed with vegetable oils assist in removing 
■pots of grease from cloth ? 
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not proceeds horn any of those sabstanoes, it will remxpre it. 
Inaeels <^ every kind haye a great aversion to perfiunes, so that 
volatile oils are employed with sncceas in mnsenms for the preser- 
vation of stnflfed birds and other species of animals. 

Qnro&ne, Pray, does not the poweiibl smell of camf^or proceed 
firom a v<^tile oil ? 

Mrs. B. Camphor seems to be a substance of its own kind, re- 
markable by many peculiarities. But if not exactly of the same 
nature as volatile oil, it is at least very analogous to it. It is 
obtained chiefly from the camphor tree, a species of laurel wfaidi 
grows in China, and in the Inman isles, from the stem and roots of 
which it is extracted.* SmaU quantities have also been distilled 
fix>m thyme, sage, and other aromatic plants ; and it is deposited 
in pretty large quantities by some volatde oils after long standing. 
It IS extremely volatile and inflammable. It is insoluble in water, 
but is soluble m oils, in which state, as well as in its solid form, it is 
frequently applied to medicinal purposes. Amongst the particular 
properties of camphor, there is one too singular to be passed over 
m silence. Jf you take a small piece of camphor, and place it on 
the sur&ce of a basin of pure water, it will immediately begin to 
move round and round wim great rapidity ; but if you pour into the 
basin a single drop of any odoriferous fluid, it will instantly put a 
stop to this motion. You can at any time try so simple an experi- 
ment ; but you must not expect that I shall be able to account fox 
the phenomenon, as nothing satisfactory has as yet been advanced 
for its explanation. 

Caroline. It is very singular indeed ; and I will certainly make 
the experiment. Pray, i^hat are resins, which you just now men- 
tioned ? 

Mrs. B. They are volatile oils, that have been acted on, and 
peculiarly modified, by oxygen. 

Caroline. They are, therefore, oxygenated volatile oils ? 

Mrs. B. Not exactly ; for the process does not appear to consist 
so much in the oxygenation of the oil, as in the combustion of a 
portion of its hydrogen, and a small portion of its carbon. For 
when resins are artificially made by the combination of volatile oils 
with oxygen, the vessel in which the process is performed is be- 
dewed with water, and the air included within it is loaded vdth 
carbonic acid. 

Emily. This process must be, in some respects, similar to that 
for preparing drying oils ? 

Mrs. B. y es ; and it is b)r this operation that both of them ac- 
quire a great degree of consistence. Pitch, tar, and turpentine, 
are the most common resins ; they exude from* the pine and nr trees. 

• Camphor comes chiefly from Japan. It is obtained by distilling 
the wood of the laurus camphora, or camphor tree, with water, in 
large iron pots, with earthen caps stuffed with straw. The cam- 
phor sublimes and concretes upon the straw. — C. 

1108. From what is camphor obtained ? 

1109. Is camphor obtained in other plants ? 

11 10. What is the method of ohtairdng it f 

1111. What remarkable peculiarity has camphor' 

1112. What are resins :» 



Digitized 



by Google 



f>t TEe£TAfiLES. 249 

Copal, mastic tr i frankincense, axe also of this class of vegetable 
. substances. 

EnrmLy. Is it of these resins that the mastic and copal varnishes 
so much nsed in painting are made ? 

Mrs. B, Yes. Dissolved either in oil or in alcohol, resins form 
varnishes. From these solutions they may be precipitated by wa- 
ter, in which they are insoluble. This I can easily ^ow you. If 
you will pour some water into this glass of mastic varnish, it will 
combine with the alcohol in which the resin is dissolved, and the 
latter will be precipitated in the form of a white cloud. 

Ermly, It is so. And yet how is it that pictures or drawings, 
varnished with this solution, may safely be washed with water ? 

Mrs, B. As the varnish dries, the alcohol evaporates, and the 
dry varnish or resin which remains, not being soluble in water, will 
not be acted on by it. 

There is a class of compound resins, called gum resins, which are 
precisely what their name denotes, that is to say, resins, combined 
with mucilage. Myrrh and assafoetida are of this description. 

Caroline. Is it possible that a substance of so, disagreeable a 
smell as assafcetida can be formed from a volatile oil .? 

Mrs. B. The odor of volatile oils is bv no means always grateful. 
Onions and garlics derive their smell nrom volatile oils, as well as 
foses and lavender. 

There is still another form under which volatile oils present them- 
selves, which is that of halsams. These consist of resinous juices 
eombined with a peculiar a<ad, called the benzoic acid. Balsams 
appear to have been originally volatile oils,* the oxygenation of 
which, has converted one part into a resin, and the other ,part into 
an acid, which combined together, form a balsam; such are the 
balsams of Peru, Tolu, &c. 

We shall now take leave of ;the oik and their various modifi- 
oations, and proceed to the next vegetable substance which is 
caovtchcmc. This is a white, milky, glutinous fluid, which acquires 
consistence and blackens in drying, in which state it forms the 
substance with which you are so well acquainted, under the name 
of gum elastic. 

Caroline. I am surprised to hear that gum elastic was aver white, 
or ever fluid ! And Aom what vegetable is it proci^ed ? 

Mrs. B. it is obtained from two or three different species of trees 
in the East Indies, and South America, by making incisions in the 
stem. The juice is collected as it trickles from tbease incisions, and 
moulds of clay, in the form of little bottles of gum elastic, are dipped 

* This is. an erroneous idea. Balsams axe onginal and pecuhar 
substances, and consist chiefly of resinous matter in a semi-fluid 
state. The benzoic acid is most ^probably formed during the pro<- 
cess by which it is obtained. — C. 

1113. What are the most common resins.^ 

1114. Of what are mastic and copal varnishes made ? 

1115. What will be the consequences if water be poured into a vesa^ 
'icontainioff mastic varnish ? 

1116. What are gum resins } 

1117. What are balsams? 

1118. From what is caoutchouc obtained t 
1U9. What are its uses ? 
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into it. X layer of this juice adh«ne» to the day and 4zie8 eo ft; 
and several layers are successiYely added by repeating this till th9 
bottle is of sojfficient thickness. It is then beaten to break down 
the clay which is easily shaken out. The natives of the countries 
whpe this substance is produced, sometimtes make shoes and boots 
of It l^ a similar process, and they are said to be extremely pleas- 
ant and serviceable, both from their elastioity, and their oeing 
water-proof. 

The substance which comes next in our enumeration of the im-' 
mediate ingredients of vegetables, is extractive matter. Thia is a 
term which, in a general sense, may be applied to any substance 
extraoted £rom vegetables, but it is more particularly understood 
to relate to the extractive coloring matter of plants. A great variety 
of colors are prepared from the vegetable kingdom, both for the 
purposes of painting and of dying ; all the colors called lakes are 
of tnis description ; but they are less durable than mineral oolors> 
for by long exposure to the atmosphere, they either darken or turn 
yellow. 

Emily, 1 know that in painting the lakes are reckoned far less 
durable colors than the ochres ; but what is the reason of it > 

Mrs, B. The change which takes place in vegetable colon is 
oviring chiefly to the oxygen of the atmosphere slowly burning their 
hydrogen, and leaving m some measure, the blackness of the car^ 
bon exposed. Such change cannot take place in ochre, which » 
altogether a mineral substance. 

. Vegetable colors have a stronger affinity Ibr animal than for 
vegetable substances ; and this is supposed to be owing to a small 
quantity of nitrogen, which they contam. Thus, silk amd worsted, 
will take a much finer vegetable dye than linen and cotton. 
Caroline, Dying, then, is quite a chemi(^ process ? 
Mrs. B, Undoubtedly. The condition required to form a good 
dye is, that the coloring matter should be precipitated, or fixed, on 
the substance to be dyed, and should form a compound not solnbfe 
in the liquids to which it would probably be exposed. Thus, fbr 
instance, printed or dyed linens or cottons must be able to resist 
the action of soap and water, to which they must necessarily be 
subject in waiting ; and woollens and silks should withistand the 
action of grease and acids, to which they may accidentally be 
exposed. 

Caroline. But if Hnen and cotton have not a sufiBksient affinity :fiMf 
coloring matt^, how are they made to resist the action of washing, 
which they always do when they are well printed ? 

J\^s, B. When the substance to be dy^ has either no affinity 
for the coloring matter, or not sufficient power to retain it, the com- 
bination is efi^ected or strengthened, by the intervention of a tiiird 
substance caDed a mordant or basis. The mordant muat have a 

1 130. What is the extractive matter of vegetaWes ? 

1181. What are the colors prepared from vegetables? 

1122. To what is the change which takes j^ace in vegetable cobra 



J 1^. Why have vegetable colors a stronger affinity fbr animal tha^ 
nr vegetable substances ? 

1124. What is necessary that vegetable colors be durable > 
1195. What are mordants and their uses ' 
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ItfCroiv affinity l>o^ for the coloring matter an^ the substance dyed, 
by which means it canses them to combine and adhere together. 

OtroUne, And what are the substances that perform the office of 
chus reconciling the two adverse parties ? 

Mrs. B. The most common mordant is eulphett of alumine, or 
idam. (htyds of tin and iron in the state of compound dalts, are 
likewise used for that purpose,' 

Tbnnin is another vegetable ingredient of great importance in the 
arts. It is obtained chiefly from the bark of trees ; but it is found 
also in nut galls, and in some other vegetables. 

Emily. Is that the sub^nce commonly called tan, which is used 
in hot-houses ? 

Mrs. B. Tan is the prepared bark in which the peculiar sub- 
stance, tannin, is contained. Bat the use of tan in hot-houses is of 
much less importance than the operation of tanning, by which skin 
is converted into leather. 

Emiit/. Pray, how is this operation performed? 

Mrs. B^ Various methods are employed for this purpose, whicli 
all consist in exposing skin to the action of tannin, or ot substances 
containing this principle in suflicient quantities, and disposed to 
yield it to the skin. The most usual way is to infuse coarsely ' 
powdered oak bark in water, and to keep the skin immersed in tiiis 
infusion for a certain length of time. iJuring this process, whiclf 
is slow and gradual, the «kin is found to have increased in weight, 
and to have acquired a considerable tenacity and impermeability to 
water. This efiect may be much accelerated by using strong satu- 
rations of the tanning principle, (which can be extracted from bark) 
instead of employing the bark itself. But this quick mode of pre- 
paration does not appear to make equally good leather. 

Tannin is oontamed in a great variety of astringent vegetable 
sobi^tances, as galls, the rose tree, and wme ; but it is nowhere so 
plentiful as in bark. All these substances yield it «to water, from 
wnicli 4t may he prooi|)itat&d by a solution of isinglass or glue, with 
which it strongly unites, and forms an insoluble compound. Hencd , 
its valuable property of combining with skin (which consists chiefly 
of glue,) and of enabling it to resist the action of water. 

Emih/. Might we not see that effect by pouring a little melted 
isinglass into a glass of wine, which you say contains tannin ? 

Mrs. B. Yes. I have prepared a solution of isinglass for tha| 
very purpose. Do you observe the thick, muddy precipitate ? Thai 
is the tannin combined with the isinglass. ' 

Caroline. This precipitate must then be of the^ame nature as the 
leather ? 

Mrs. B. It is composed of the same ingredients ; but the organic 
nation and texture of the skin being wanting, it has neither the 
i^naistence nor the tenacity of the leather. 

1126. What substances are commonly used as mordants.' 

1127. From what is tannin obtained ? 

1128. What are its uses? 

] 129. What is the process of eoawescimg Moa into leather, by tht 
Qse of tanning? 

1130. Why does tanning came skins on being changed to leather, to 
he impervious to water ? 

1131. How does a solutioa of isinglass in water diS^t from leather ' 
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CaroUne. One might suppose that men who drink large quanti- 
ties of red wine, stand a chance of having the coats of their stom- 
achs converted into leather, since tannin has so strong an affinity 
lor skin. 

Mrs, B. It is not impossible but that the coats of their stomachs 
may be, in some measure, tanned or hardened by the Constant use 
of this liquor ; but you must remember that where a number of 
other chemical agents are concerned, and above all, where life ex- 
ists, no certain chemical inference can be drawn. 

I must not dismiss this subject, without mentioning a recent dis- 
covery of Mr. Hatchett, which relates to it. This gentleman found 
that a substance very similar to tannin, possessing all its leading 
properties, and actually capable, of tanning leather, may be produ- 
ced by exposing carbon, or any substance containing carbonaceous 
matter, whether vegetable, animal, or mineral, to the action of ni- 
tric acid.* 

Caroline. And is not this discovery likely to be of use to mancH 
&ctures ? 

Mrs, B. That is very doubtful, because tannin thus' artificial! v 
prepared, must probably always be more expensive than that which 
is obtained from bark. But the fact is extremely curious, as it af^ 
fords one of those very rare instances of chemistry being able to 
imitate the proximate principles of organized bodies. 

The last of the vegetable materials is woody fibre— it is the hard- 
est part of plants. The chief source from which this substance is 
derived, is wood, but it is also contained, more or less, in every solid 
part of the plant. It forms a kind of skieleton of the part to which 
It belongs, and retains its shape after all the other materials have 
disappeared. It consists chiefly of carbon united with a small por- 
tion of salts, and the other constituents common to all vegetables. 

EmUy, It is of woody fibre, then, that the common charcoal is 
made ? 

Mrs, B. Yes. Charcoal, as you may recollect, is obtained from 
wood by the separation of all its evaporable parts. 

Before we take leave of the vegetable materials, it will be proper 
at least to enumerate the several vegetable acids which we either 
have had or may have occasion to mention. I belieVe I formerly 
told you that their basis or radicle, was uniformly composed by hy- 
dr(^en and carbon, and that their difference consisted only in the 
vanous proportions of oxygen which they contained. 

*To make artificial tannm, Mr. Hatchett used 100 grains of chai^ 
coal with 500 of nitric acid, diluted with twice its weight of water. 
This mixture was heated, and then^ suffered to digest for two days ; 
more acid was then added, and the digestion continued until the 
charcoal was dissolved. This solution being evaporated to dryness, 
leaves a dark brown mass. This is the tannin in question. Its 
taste is bitter, and highly astringent. — C. . 

1132. What discovery was made by Mr. Hatchett.^ 

1133. How did he prepare artifficial tannin f 

1134. What is woody fibre ? 

1135. Of what does it chiefly consist? 

1136. From what is charcou made ^ 
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The following aie the names of the vegetable adds : 
The MuoouB add, obtained from gum 4^ .lofiucdlage ; 
fifciJertc, " from cork ; 

CaanphoriCy *' from camphor ; 

Benzoic, *^ from balsams; 

Oallic, " from g]ails, bark, &c. ; 

Malic, ** from ripe fruits ; 

Citric, " fix)m lemon juice ; 

OxaMc, ** from sorrel; 

Sucdnic, " from amber ; 

Tartarims, ** fix)m tartrit of potash; 

Acetic, " from vinegar. 

They are all decomposable by heat, soluble in water, and turn veg- 
etable blue colors red. The succinic, the tartarous, and the acetous 
adds, are the productions c^ the decomposition of vegetables ; we 
shall, therefore, reserve their examination for a future period. 

The oxalic add, distilled from sorrel, is the highest term of veg^ 
table acidification ; for, if more oxy^n be added to it, it loses its 
vegetable nature, and is resolved mto carbonic acid and water; 
therefore, though all the other acids may be concerted into the ox- 
alic by an addition of oxygen, the oxaJic itself is not susceptible of 
a further degree of oxygenation ; nor can it be made by any chem- 
ical processes, to return to a state of lower acidification.* 

To condude this subject, I have only to add a few words on the 
gallic acid, 

Caroline. Is not this the same acid before mentioned which forms 
ink, by precipitating sulphat of iron from its solution ? 

Mrs. B. Yes. Though it is usually extracted from galls, on ac- 
count of its being most abundant in that vegetable substance, it 
may also be obtained from a great variety of plants. It constitutes 
what is called the astringefU prindple of vegetables ; it is ^enerallT 
combined with tannin, and you will find that an infusion of tea, cof- 
fee, bark, red wine, or any vegetable substance that contains the 
astringent principle, will make a black precipitate with a solution 
of sulphat of iron. 
Caroline. But pray what are galls ? 
Mrs, B. They are excrescences which grow on the bark of young 

* Omdic add may be forme4 artificially. Put one ounce of white 
su^far, powdered, into a retort, and pour on three ounces of nitrie 
acid. When the solution is over, make the liquor boil, and when it 
acquires a reddish brown color, add three ounces more of nitric 
acid. Continue the boiling until the fumes cease, and the color of 
the liquor vanishes. Then let the liquor be poured into a wide ves- 
sel, and on coolins-, white slender crystals will be formed. These 
are oxalic acid. — C. 

1137. What are the names of the vegetable acids ? 

1138. What is the composition of the basis of these acids? 

1139. What general quality have all vegetable acids ? 

1140. What IS the highest term of vegetable acidification ? 

1141. What acid is called the astringent principle of vegetables ^ 

1142. From what is it usually extracted ? 

1143. What are the galls that yield this acid .' 

22« 
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oaks, and are occasioned by an insect which woonds the bark of 
trees, and lays its egs in the aperture. The lacerated vessels of the 
tree then discharge their contents, and form an excrescence, which 
ajQTords a defensive covering for these eggs. The insect, when come 
to life, first feeds on this excrescence, and sometime afterwards 
eats its way out, as it appears from a hole which is formed in all gall- 
nuts that no longer contain an insect. It is in hot climates only 
tiiat strongly astringent gall-nuts are found ; those which are used 
for the purpose of making ink are brought from Aleppo. 

EmUy. Hut are not the oak apples which grow on the leaves of 
the oak in this country of a sinular nature ? 

Mrs, B, Yes ; only they are an inferior species of galls, contain- 
ing less of the astringent principle, and therefore less applicable to 
useful purposes. 

Caroline. Are the vegetable acids never found but in their pure 
uncombined state ? 

Mrs. B. By no means ; on the contrary, they are frequently met 
with in the state of compound salts ; these, however, are in general 
not fully saturated with the salifiable bases, so that the acid predom- 
inates ; and in this state they are called acidulous salts. Of this 
kind is the salt called cream of tartar. 

OnroUne. Is not the salt of lemon, commonly used to take out ink 
spots and stains, of this nature ? 

Mrs. B. No ; that salt consists of oxalic acid combined with a 
Mttle potash. It is found in that state in sorrel. 

Caroline. And pray how does it take out ink spots ? 

Mrs. B. By uniting with the iron, and rendering it soluble in 
water. 

Besides the vegetable materials which we have enumerated, a 
variet3r of other substances, conmion to the three kingdoms, are 
found in vegetables, such as potash, which was formerly supposed 
to belong exclusively to plants, and was, in consequence, called 
vegetable alkali. 

Sulphur, phosphorus, earths, and a variety of metallic oxyds, are 
also found in vegetables, but only in small quantities. And we 
meet sometimes with neutral salts, formed by the combination of 
these ingredients. 



CONVERSATION XXI. 

OF THE DECOMPOSITION OF VEGETABLES. 

Caroline. The account which you have given us^ Mrs. B., of the 
materials (^vegetables, is, doubtless, very instructive; but it does 

1144. In what climates are strongly astringent gall-nuts found ? 

1145. Are the vegetable acids never found but m their pure uncom 
bined state ? 

1146. How does the oxalic acid remove ink spots? 

1147. What substances common to the three kingdoms are found in 
vegetables ? 
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iKKt .Completely satisfy my cniiosity. I wish to know how plants 
obtain the principles from which their various materials are formed ; 
by what means these are ccmTerted into vegetable matter, and how 
thev are connected with the life of the plant. 

iirs. B. This implies nothing else than a complete history of the 
chemistry and physiology of vegetation, subjects cm which we have 
yet but very imperfect notions. Still I hope that I shall be able in 
some measure, to satisfy your curiosity* But^ in order to render 
the subject more intelligible, I must first make you acquainted with 
the vanous changes which vegetables undergo, when the vital power 
no longer enables them to resist the common laws of chemieal at- 
traction. 

The composition of vegetables being more complicated than that 
of minerals, the former more readily undergo chemical changes 
than the latter; for the greater the variety of attractions, the more 
easily is the equilibrium destroyed, and a new order of combina- 
tions introduced. 

EmUy, I am surprised that vegetables should be so e;^sily suscep- 
tible of decomposition ; for the preservation of the vegetable kingdom 
is certainly far more important than'that of minerals. 

Mrs, B, You must consider, on the other hand^ how much more 
easily the former is renewed than the latter. The decomposition 
of the vegetable takes place only after the death of the plant, which, 
in the common course of nature, happens when it has yielded fruit 
and seeds to propagate its species. If, instead of thus finishing its 
career, each plant was to retain its form and vegetable state, it 
would become a useless burden to the earth and its inhabitants. 
When vegetables, ther^ore, cease to be productive, they cease to 
live, and nature then begins her process of decomposition, in order 
to resolve them into their chemical constituents, hydrogen, carbon 
and oxygen; those simple and primitive ingredients, which she 
keeps in store for all her combinations. 

Bmily, But since no system of combination can be destroyed^ 
except by the establishment of another order of attractions, how 
can the decomposition of vegetables reduce them to their simple 
elements ? 

Mrs. B. It is a very long process, during which a variety of new 
combinations are successively established, and successively destroy* 
ed; but, in each of these changes, the ingredients of veffetable 
matter tend to unite in a more simple order of compounds, till they 
are at lenffth brought to their elementary state, or, at least, to their 
most simple order of combinations. Thus you will find that vege- 
' tables are in the end almost entirely reduced to water and carboq^lc 
acid : the hydrogen and carbon dividing the oxygen between them 
so as to form with it these two substances. But the variety of 'inter- 
mediate combinations that take place during the several stages of 

1X48. Whv do vegetables more readily undergo chemical changes 
than minerals? 

1149. When do vegetables become decomposed ? 

1150. Into what are vegetables reduced by decomposition.^ 

1 151 . Since no system of combination can be destroyed, except by the 
establishment of another order of attractions, how can the decomposi 
tion of vegetables reduce them to their simple elements ? 
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die ^ecompoflhion of Tegetables, present ns widi a new set of com 
poiwds, weU woiihj of our examination. 

Caroline, How is it poeeible that Tegetablee, while pntrefying, 
should prodnce any thing worthy of observation ? 

Mrs, B, They are sosceptible of undergoing certain changes 
before they arrive at the state of putrefaction, which is the &al 
term of decomposition ;' and of these changes we avail ourselves 
for particular and important purposes. But, in order to make yoa 
understand this subject, which is of considerable importance, I 
must explain it more in detail. 

The decomposition of vegetables is always attended by a violent 
internal motion, produced by the disunion of one order of particles, 
and the combination of another. This is called riRMxirTATioN. 
There are several periods at which this process stops, so that a 
state of rest appears to be restored, and the new order of compounds 
^kirly established. But, unless means be used to secure these new 
combinations in their actual state, their duration will be but tran- 
sient, and a new fermentation will take place, by which the com- 
pound last formed will be destroyed ; and another, and less complex 
will succeed. 

Emily. The fermentations, then, appear to be only the successive 
steps by which a vegetable descends to its final dissolution. 

Mrs, B, Precisely so ; your definition is perfectly correct. 

Caroline. And how many fermentations, or new arrans^ements, 
does a vegetable undergo before it is reduced to its simple ingf^ 
dients ? 

Mrs. B. Chemists do not exactly agree in this point ; but there 
are, I tbink, four distinct fermentations, or periods, at which the 
decompomtion of vegetable matter stops and changes its coarse. 
But every kind of vegetable matter is not equally susceptible of 
undergoing all these fermentations. 

There are likewise several circumstances required to produce fer- 
mentation. Water, and a certain degree of heat are both essential 
to this process, in order to separate the particles, and thus weaken 
their force of cohesion, that the new chemical affinities may be 
brought into action. 

Caroline. In frozen climates, then, how can the spontaneous de- 
composition of vegetables take place ? 

Mrs. B. It certainly oannot ; and accordingly, we find scaioely 
any vestiges of vegetation where a constant frost prevails. 

Caroline. One would imagine that, on the contrary, such spots 
would be covered vnth vegetables ; for since they cannot be decom- 
posed, their number most always increase. 

Mrs. B. But, my dear, heat and water are quite as essentia] to 
the formation of vegetables, as they are to their decomposition. 
Besides, it is from the dead vegetables, reduced to their elementary 
nrinciples, that the rising generation is supplied with sustenance. 
No young plant, therefore, can grow, unless its predecessors con- 
tribute both to its formation and support-; and these not only furnish 

1152. What is the process called, that disunites and decomposes the 
elements of vegetables ? 

1153. What are the fermentations ? 

1154. How many kinds of fermentation are there? 

1155. What is necessary to produce fermentation ' 
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file seed horn, which the new plant springs, but likewise the food 
by which it is nourished. 

Caroline, Under the torrid zone, therefore, where water is never 
frozen, and the heat is very great, both the processes of vegetation 
and of fermentation must, I suppose, be extremely rapid ? 

Mrs. B. Not so much as you imagine ; for in such climates great 
part of the water which is required for these processes is in an aeri- 
form state, which is scarcely more conducive either to the ^owth 
or formation of vegetables than that of ice. In those latitudes, 
therefore, it is only in low, damp situations, sheltered by woods 
from the sun's rays, that the smaller tribes of vegetables can grow 
and thrive during the dry season, as dead vegetables seldom retain 
water enough to produce fermentation, but are, on the contrary, 
soon dried up by the heat of the sun, which enables them to resist 
that process; so that it is not till the fall of the autumnal rains 
(which are very violent in such climates,) that spontaneous fer^ 
mentation can take place. 

The several fermentations derive their names from their principal* 
products. The first is called the saccharine fermentation^ because 
Its product is sugar. 

Caroline. But sugar, you have told us, is found in all vegetables ; 
it cannot, therefore, be the product of their decomposition. 

Mrs. B. It is true that this fermentation is not confined to the 
decomposition of vegetables, as it continually takes place during 
their life ; and, indeed, this circumstance has till lately prevented 
it from being considered as one of the fermentations, and the forma- 
tion of sugar, whether in living or dead vegetable matter, is so 
evidently a new compound, proceeding from the destruction of the 
previous order of combinations, and essential to the subsequent 
fermentations, that it is now, I believe, generally esteemed the first 
step, or necessary preliminary to decomposition, if not an actual 
commencement of that process. 

Ckmr^iinc. I recollect your nmting to us that sligar was oupp<w»oi 
not to be secreted from the sap, in the same manner as mucilage, 
fecula, oil, and the other ingredients of vegetables. 

Mrs. B. It israther from these materials, than from the sap itself^ 
that sugar is formed ; and it is developed at particular periods, as 
you may observe in fruits, which become sweet in ripening, some- 
times even after they have been gathered. Life therefore is not 
essential to the formation of sugar, whilst, on the contrary, muci* 
lage, focula, and the other vegetable materials that are secreted 
from the sap by appropriate organs, whose powers inmiediately 
depend on the vital principle, cannot be produced but during the 
existence of that principle. 

Emily. The ripening of fruits is then their first step to destruc- 
ion as well as their last towards perfection ? 

Mrs. B. Exactly. A process analogous to the saccharine fer« 

1157. What in the torrid zone prevents the processes of vegetation 
and fermentation from being rapid ? 
. 1158. From what do the several fermentations derive their names ? 

1159. Wby is the first of them called a saccharine fermentation ? 

1160. Why was not sugar formerly considered a fermentation ? 

1161. Why is it at present considered a fermentation ? 
116S. From what parts of vegetables is sugar formed ? 
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mentatioii takes place aJso dming the eookiiig of ceitain yegetsUtts. 
This is the case with parsneps, carrots, potatoes, &e., in wfak^ 
Sweetness is dereloped oy heat and moisture ; -and we know that if 
we carry the process a liule farther, a more complete decomposvtion 
would ensue. The same process takes place al»9 in seeds prions 
to their sprouting. 

Caroline. How do you reconcile this to your theory, Mrs. B.? 
Can you suppose that decomposition is the necessary precursor 
of life? 

Mrs. B. That is indeed the case. The materials of the seed 
must he decomposed, and the seed disdrganised, before a i^aht can 
sprout from it. Seeds, besides the embryo plant, contain (as ttre 
have already observed) fecula, oil, and a little mucilage. These 
substances are destined for the nourishment of the future plant ; but 
tHfey undergo some change before they can be fit for tbis-functiok. 
The seeds, when buried in the earth, with a certain <iegTee of 
moisture and of temperature, absorb water, which dilates them, 
separsftes their particles, and introduces a new order of attractions, 
of which sugar is the product. The substance of the seed is thus 
softened, sweetened, and converted into a sort of white, milky pulp, 
fit for the nourishment of the embryo plant. 

The saccharine fermentation of seeds is artificially produced, for 
the purpose of making malt^ by the following process : — A quantity 
of barley is first soaked in water for two or three days : the water 
being afterwards drained off, the grain heats spontaneously, swells, 
bursts, sweetens, shows a disposition to germinate, ana actually 
sprouts to the length of an inch, when the process is stopped by 
puttinpf^, it in to a, kiln, where it is well dried at a gentle heat. In this 
state It is crisp and friable, and constitutes the substance called 
malty which is the principal ingredient of beer. 

Einily. But I hope you will tell us how malt is made into beer ? 

Mrs. B. Certainij^ ; but I must first explain to you the nature of 
the second fermentation, which is essential lo fnac openiiiuu. Tbio 
is called the vinous feitnentation, because its product is wine. 

Emily. How very different the decomposition of vegetables is 
from what I had imaginedl The products of their disorganization 
appear almost superior to those which they yield during their state 
of life and perfection., 

Mrs. B. And do you not, at the same time, admire the beautiful 
economy of Nature, which, whether she creates, or whether she 
destroys, directs all her operations to some useful and benevolent 
purpose ? — -It appears that the saccharine fermentation is extremely 
favorable, if not absolutely essential, as a previous step, to the vinous 
fermentation ; so that if sugar be not developed during the life of the 
plant, the saccharine fermentation must be artificially produced be- 
ll 63. What process analogous to saccharine fermentation takes place ^ 
during the cooking of certain vegetables ? 

1164. How woiud you describe this fermentation in seeds prior to 
germination ? 

1165. How is saccharine fermentation exhibited in the making of 
malt? 

1 166. Why is the second fermentation called vinous ? 

1167. Why does barley resist the vinous fermentation until it has 
gone throttgn the saccharine ' 
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ibxe the viDOi» fenni^tation oaa take place. Thia is the case with 
barley, which does not yield any sugar until it is made into malt ; 
and it is in that state only, that it is susceptible of undergoing the 
vinous fermentation by wmch it is converted into beer. 

Caroline. But if the product of the vinous fermentation is always 
wine, beer cannot have undergone that process, for beer is certain- 
ly not wine. 

Mrs. B, Chemically speaking, beer may be considered as the 
wine of grain. For it is the product of the fermentation of malt, 
just as wine is that of the fermentation of grapes, or other fruits. 

The conse(^uence of the vinous fermentation is the decomposition 
of the saccharine matter, and the formation of a spurituous liquor from 
the constituents of the sugar. But in order to promote this fermen- 
tation, not only water and a certain degree of heat are necessary, 
but some other vegetable ingredients, hesides the sugar, as fecula, 
mucilage, acids, ssQts, extractive matter, &c., all of which seem to 
contribute to this process, and give to the liquor its pecuUar taste. 

EmUy. It is, perhaps, for this reason, that wine is not obtained 
from the fermentation of pure sugar ; but that fruits are chosen for 
that purpose, as they contain not only sugar, but Ukewise the other 
vegetable ingredients which promote the vinous fermentation, and 
give the peculiar flavor. 

Mrs, B. Certainly. And you must observe, also, that the relative 
quantity of sugar is not the only circumstance to be considered in 
the choice of vegetable juices for the formation of wine ; otherwise 
the sugar cane would be best ads^ted for that purpose. It is rather 
the manner and proportion in which the sugar is mixed with other 
vegetable ingredients, that influences the production and qualities 
of wine. And it is found that the juice of the grape not only yields 
the most considerable proportion of wine, but that it likewise adSbrds 
it of the most grateful flavor. 

Emily. I have seen a vintage in Switzerland, and I do not recol- 
lect that heat was applied, or water added, vo produce the fermen- 
tation of the ffrapes. 

Mrs. B. The common temperature of the atmosphere in the cel- 
lars in which the juice of the grape is fermented is sufliciently warm 
for this purpose ; and as the juice contains an ample supply of water, 
there is no jjpcasion for any addition of it. But when fermentation is 
produced in dry malt, a quantity of water must necessarily We added. 

Emily. But what are precisely th§ changes that happen during 
the vinous fermentation ? 

Mrs. B. The sugar is decomposed, and its constituents are re- 
combined into two new substances ; the one a peouUar liquid sub^ 
stance, called alcohol^ or spirit of wine, which remains in the ^uid ; 
the other, carbonic acid ffas, which escapes during the fermentation. 
Wine, therefore, as I before observed, in a general point of view, 
may be considered as a liquid, of which alcohol constitute the i 



1168. What is the consequence of the vinous fermentation ? 

1169. "What is necessary to produce this fermentation ? 
1X70. Why are grapes chosen for wine instead of pure sugar ? 

1171. What is to be considered in the choice of vegetaUe juices for 
the formation of wine ? 

1172. What are the changes that happen during the vinous fermen- 
tation ? 
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tial part. And the Yariety of strength and flavor of the di&rent 
Idnds of wine, are to be attributed to the different qualities of the 
fruits, from which they are obtained, independently of the sugar. 

QBToHne. I am astonished to-hear that so powerful a liquid as spirit 
of wine should be obtained from so mild a substance as sugar. 

Mrs. B. Can y9u tell me in what the principal difference consists 
between alcohol and sugar ? 

Caroline,' Let me re&ct : — Sugar consists of carbon, hydrogen, 
and oxygen. If carbonic acid be subtracted from it, during the for* 
mation of alcohol, the latter will contain less carbon and oxygen 
than sugar does ; therefore hydrogen niust be the prevailing prin- 
ciple of alcohol. 

Mrs. B. It is exactly so. And this verr large proportion of hy* 
drogen accounts for the hghtnese and combustible property of alco- 
hol, and of spirits in general, all of which consist of alcohol variously 
modified. 

Emily. And can sugar be recomposed from the combination of 
alcohol and carbonic acid ? 

Mrs. B. Chemists have never been able to succeed in effecting 
this ; but from analogy I should suppose such a recomposition pos^ 
sible. Let us now observe more particularly, the phenomena that 
take place during the vinous fermentation. At the conmiencement 
of this process, heat is evolved, and the hquor swells conaderably 
from the formation of the carbonic acid, which is disengaged in such 
prodigious quantities as would be fatal to any person who should 
unawares inspire it ; an accident which has sometimes happened. 
If the fermentation be stopped by putting the liquor into oarrels, 
before the whole ofvthe carbonic acid is evolved, the wine is brisk, 
like Champagne, from the carbonic acid imprisoned in it, and it 
tastes sweet, like dder, from the sugar not being oompletely de^ 
composed. 

lifrHly. But 1 do not unden^and why heat should be evolved dur^ 
ing this operation. For, as there is a considerable formation of gas 
in which a proportionable quantity of heat must become insensible, 
I should have imagined that cold, rather than heat, would have been 
produced. 

Mrs. B. It appears so on first consideration ; but you must recol^ 
lect that/ermentation is a compliicated chemical process ; and that, 
during the decompositions and recompositions attending it, a quan- 
tity of chemiealiieat may be disengaged, sufficient both to develope 
the gas, and to efifect an increase of temperature. When the fei- 
mentation is completed, the liquid cools and subsides, the efiferves- 
cence ceases, and the thick, «weet, sticky kdce of the fruit, is con^ 
verted into a clear, transparent, «pirituous liquor, called wine. 

Emify. How much I regret not having been acqus^nted with the 
Bature of the vinous fermentation, when I had an opportunity of 
iseeing tiie process. 

Mrs. B. You have an easy method of satisfying yourself in that 

tl73. What is the principal difference between su^r and alcohol ? 

1174. Can sugar be recomposed by the combination of alcohol and 
carbonic acid ? 

1175. What takes place at the commencement of the vine as fer* 
mentation ? 

1176. Why it Champagne wine so brisk? 

U77. What .process is analogous to the making <^ wiar* 
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respect by obserring Ihe process of brewinj^, which in every essen- 
tial circumstance, is similar to that of makmg wine, and is really a 
very curious chemical operation. 

Altiiough we cannot actually make wine at this moment, it will be 
easy to show you the mode of analyzing it. This is done by distilla- 
tion. When wine of any kind is submitted to this operation, it is 
found to contain brandy, water, tartar, extractive coloriii^ matter 
and some vegetable acids. I have put a little Port wine mto this 
alembic of glass, and .^. « . v 

on placing the lamp K^^S' *^^') 

under it, you wiU 
soon see the spirit 
and water success- 
ively come over. 

JSmih/, But you 
do not mention al- 
cohol amongst the 
products of the dis- 
tillation of wine ; 
and yet that is its 
most essential in- 
gredient. 

Mrs, B. The al- 
cohol is contained 
in the brandy which 
is now coming over 
and dropping from 
the still. Brandy is 
nothing more than 
a mixture of alco- 
hol and water : and 
in order to obtain 
the alcohol pure, we 
must again distil it 
from brandy. 

Caroline. I have just taken a drop on my finger ; it tastes like 
strong braady, but is without color, whilst brandy is of a deep yel- 
low. 

Mrs. B. It is not so naturally ; in its pure state, brandy is color- 
less, and it obtains the yellow tint you observe, by extracting the 
coloring matter from the new oaken casks in which it is kept. But 
if it does not acquire the usual tinge in this way, it is the custom to 
color the brandy in this country, artificially, with a little burnt su- 
gar, in order to give it the appearance of having been long kept. 

CaroUne. And is rum also distilled from wine ? 

Mrs. B. By no means ; it is distilled from the sugar cane, a plant 
which contains so great a quantity of sugar, that it yields more al- 
cohol than almost any other vegetable. After the juice of the can« 
has been pressed out for making sugar, what still remains in the 
bruised cane is extracted by water, and this watery solution of sugar 
is fermented, and produces rum. 

1178. When wine is distilled what is the product ? 

1179. What is brandy ? 

1 180. Fiom what does brandy obtain its coloring } 

1181. From what, and how is rum distilled ? 

23 




A. Alembic— JB. Lamp. — C. Wine. 
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The ^irituous liquor called arrack is in a Autar manner dietOlBd 
from the product of the vinous fermentation of rice. 

IMy. But rice has no sweetness ; does it contain any eugar ? 

Mrs, B. Like barley, and most other seeds, it is insipid until it 
has undergone the saccharine fermentation ; and this, you must re- 
ooDect, is alwa3rs a previous step to the vinous fermentation in those 
vegetables in which sugar is not already formed. Brandy may, in 
the same manner, be obtained from malt. 

Caroline, You mean from beer, I suppose; for the malt must 
have previously undergone the vinous fermentation. 

Mrs. B. Beer is not precisely the product of the vinous ferment- 
ation of malt. For hops are a necessary in^edient for the forma- 
tion of that liquor ; whilst brandy is distilled from pure fermented 
malt. But brandy, no doubt, might be distilled from beer, as well 
as from any other liquor that has undergone the vinous fermenta- 
tion ; for smce the basis of brandy is alcohol, it may be obtained 
from any hquid that contains that spirituous substance. 

Emily. And pray, from what vegetable is the favorite spirit of 
the lower orders of the people, gin, extracted ? 

Mrs. B. The spirit (which is the same in all fermented liquors) 
may be obtained from any kind of grain ; but the peculiar flavor 
which distinguishes gin, is that of juniper berries, which are distil- 
led together with the grain. 

I thmk the brandy ^atained in the whie which we are distilling, 
must, by this time, be all come over. Yes — ^taste the liquid that i» 
now dropping from the alembic. 

Caroline, it is perfectly insipid, like water. 

Mrs. B. It is water, which, as I was telling you, is the second 

Sroduct of wine, and comes over after all the spirit, which is the 
ghtest part, is distilled The tartar, and extractive coloring mat- 
ter we shall find in a solid form, at the bottom of the alembic, 

Emily. They look very much like the lees of wine. 

Mrs. B. And in many respects, they are of a similar nature, for 
lees of wine consist chiefly of tartrit of*^ potash ; a salt which exists 
in the iuice of the grape, and in many other vegetables, and is de- 
veloped only by the vinous fermentation. During this operation, it 
is precipitated, and deposits itself on the internal surface of the cask 
in which the wine is contained. It is much used in medicine, and 
ki various arts, particularly dyeing, under the name oi cream oftar- 
tar, and it is from this salt that the tartarous acid is obtained- 

Caroline, But the medicinal cream of tartar is in appearance, 
quite diflferent from those dark colored dregs ; it is perfectly color- 
less. 

Mrs. B, Because it consists of the pure salts only, in its ciystal- 
Tized form ; whilst in the instance belore us, it is mixed with the 
de^w)lored extractive matter, and other foreign ingredients. • 

Emily. Pray, cannot we now obtain pure alcohol from the brandy 
which we have distilled ? 

Mrs. B, We might; but the process would be tedious; for in 
•rder to obtain alcohol perfectly free from water, it is necessary to 
distil, or, as the distillers call it, rectify it several times. You must 

1182. From what, and howjs gin distilled .' 

1183. What is the origin of the cream of tartar.' 

1184. From what may alcohol be obtained^ 



Digitized 



by Google 



OF VEGfiTABL&9 . 263 

iherefore, aHow me to produce a -bottle of alcohol that has been 
thus purified. This is a very important ingredient, which has manj 
strikiiig properties, besides its forming tlie basis o^ all spirituous 
liquors. 

Emily, It is alcohol, I suppose, that produces intoxication > 

Mrs, B, Certainly ; but the stimulus and momentary energy it 
gives to the system, and the intoxication it occasions when taken 
in excess, are circumstances not yet accounted for. 

Caroline, I thought that it produced these effects hy increasing 
the rapidity of the circulation of the blood ; for drinkiug wine or 
. spirits, I have heard always quickens the pulse. 

Mrs. B. No doubt ; tKe spirit by stimulating the nerves in- 
creases the action of the muscles ; and the heart, which is one of 
the strongest muscular organs, beats with augmented vigor, and 
propels the blood with accelerated quickness. After such a strong 
excitastion the frame naturally suffers a proportional degree of de- 
pression, so that a state of debility and languor, is the invariable 
consequence of intoxication. But though these circumstances are 
well ascertained, they are far from explaining why alcohol should 
produce such effects. 

Emily, Liqueurs are the only kind of spirits which I think pleas- 
Ant. Pray, of what do they consist ? 

Mrs. B. They are composed of alcohol, sweetened with syrup, 
and flavored with volatile oil. 

The different kinds of odoriferous spirituous waters are hkewise 
solutions of volatile oil in alcohol, as lavender water, eau de Co- 
logne, &c. 

The chemical properties of alcohol are important and numerous. 
It is one of the most powerful chemical agents, and is particularly 
4iseful in dissolving a variety of substances, which are soluble 
neither by water nor heat. 

Emily. We have seen it dissolve copal and mastic to form var- 
nishes ; and these resins are certainly not soluble in water, since 
water precipitates them from their solution in alcohol. 

Mrs. jB. 1 am happy to find that you I'ecoHect these circumstances 
80 well. The same experiment affords also an instance of another 
property of alcohol, — ^its tendency to unite with water : for the resin 
IS precipitated in consequence of losing the alcohol, which abandons 
it from its preference for vater. It is attended also, as you may 
recollect, with the same peculiar circumstance of a disengagement 
of heat, and consequent diminution of bulk, which we have supposed 
to be produced by a mechanical penetration of particles, by which 
latent heat is forced out. 

Alcohol unites thus readily not only with resins and with water, 
but with oils and balsams; these compounds form the extensive 
class of elixirs, tinctures, quintessence, &c. 

Emily, I suppose that alcohol must be highly combustible, since 
h contains so large a proportion of hydrogen. 

1185. What is the intoxicating principle in spirituous liquors ? 

1186. How does it produce this effect ? 

1187. What are the different kinds of odoriferous spirituous waters? 

1188. What are some of the most pecuHar uses of alcohol ? 

1189. Why are brandy and other spirituous liquors so combustible ? 
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Mrs. B, Extremely so ; and it will barn at a very moderate 
temperatore. 

Caroline, I have often seen both brandy and spirit of wine bomt ; 
they produce a great deal of flame, but not a proportional quantity 
of heat, and no smoke whatever. - ' 

Mrs. B. The last circumstance arises from their combustion be- 
ing complete ; and the disproportion between the flame and heat 
shows you that these are by no means synonymous. 

The great quantity of flame proceeds from the combustion of the 
hydrogen, to which you know that manner of burning \s peculiar. — 
Have you not remarked also, that brandy and alcohol will bum 
without wick ? — ^they take fire at so low a temperature, that this 
assistance is not required to concentrate the heat and volatiluse 
the fluid. 

Caroline. I have sometimes seen brandy burnt by merely heating 
it in a spoon. 

Mrs. B. The rapidity of the combustion of alcohol, may, how- 
ever, be prodigiously increased by first volatilizing. An ingenious 
instrument has been constructed on this principle to answer the 
purpose of a blow-pipe, which may be used for melting glass, ot 
other chemical purposes. It consist3 of a small metaSic vessel, 
- — Fig. 35. 



Alcohol Blow-pif€, 




(fig. 35.) of a spherical 
shape, which contain? 
the alcohol, and is heated 
by the lamp beneath it ; 
as soon as the alcohol 
is volatilized, it passes 
throuffh the spout of the 
vessel, and issues just 
above the wick of the 
lamp, which immediate- 
ly sets fire to the stream 
of vapor, as I shall show 
you.* 

Emily. With what a- 
mazing violence it burns ! 
The flame of alcohol, in 

the Qtate of vapor, is, I d. The lamp.— B. The vessel in which the Alcohol 
fancy, much hotter than is boiling.— F^ Safety valve.— G. The inflamed jet or 
when the spirit is merely ^'^™ of alcohol directed towards the glas? tube H 
burnt in a spoon. 

Mrs. B. Ves ; because in this way the combustion goes on much 
quicker, and, of course, the heat is proportionally increased.— Ob- 

* A spirit lamp, which answers very well for bending small glass 
tubes, may be constructed by almost any one. Take a low phial 
with a wide mouth, fit a cork to it, and pierce the cork to admit a 
piete of glass tube, the bore of which is about the size of a large 

1190. Why is no smoke produced when brandy or spirit of wine is 
burnt f 

1191. Why will brandy and alcohol bum without a wick } 

1192. How would you describe the experiment represented In fi|^. 36 ' 

1193. How would you describe the spirit lamp ^ 
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serre its effbet on this smaJl glass tube, the middle of whidi I pre- 
sent to the extremity of the flame, where the heat is greatest. 

Caroline. The glass, in that spot, is become red hot, and bends 
from its own weight. 

Mrs, B. I have now drawn it asunder, and am going to blow & 
ball at .one of the heated ends ; but I must previously close it up 
and flatten it with this little metallic instrument, otherwise the 
breath would pass through the tube without dilating any part of 
it. — ^Now Caroline, will you blow strongly into the tiK)e whilst the 
closed end is red hot ? 

Emihf. You blow too hard ; for the ball suddenly dilated to a 
great size, and then burst into pieces. 

Mrs, B, You will be more expert another tim^ ; but I must 
<5aution you, should you ever use this blow-pipe, to be very careful 
that the combustion of the alcohol does not go oh with too great 
violence, for I have seen the flame sometimes dart out with such 
force as to reach the opposite wall of the room, and set the paint 
on fire. There is^ however, no danger of the vessel bursting, as it 
is provided with a safety tube, which affords an additional vent for 
the vapor of alcohol when required. 

The products of the combustion of alcohol consist in a great 
proportion of water, and a small quantity of carbonic acid. There 
IS no smoke or fixed remains whatever. — How do you account foir 
that, Emily ? 

Ermly, I suppose that the oxygen which thfe alcohol absorbs in 
burning, converts its hydrogen into water, and its carbon into car- 
bonic acid gas, and thus it is completely consumed. 

Mrs. B. Very weU.— -EfAcr, ^e lightest of all fluids, and with 
Which you are wdl acquainted, is obtained from alcohol, of which 
it forms the lightest and most volatile part. 

EimHy, Ether, then, is to alcohol, what alcohol is to brandy. 

Mrs. B. No ; there is an essential differencie. In order to obtain 
alcohol from brandy, you need only deprive the latter of its water ; 
but for the formation of ether, the alcohol must be decomposed^ 
and one of its constituents partly subtracted. I leave you to guess 
which of them it is. 

Emily, It cannot be hydrogen, as ether is more volatile than 
alcohol, and hydrogen is the lightest of all its ingredients : nor do 
I suppose that it can be oxygen, as alcohol contains so small a pro- 
portion of that principle ; it is therefore, most probably, carbon, a 
diminution of which would not fail to render the new compound 
more volatile. 

Mrs. B, You at^ perfectly right. The? fomiation of ether con 
sists simply in subtracting from the alcohol a certain proportion of 
carbon ; this is effected by the action of the sulphuric, nitric, or 

goose-quill. Let the tube rise an inch or two above thb «^ork — 
. pass some cotton wick through the tube — then fill the phial vith 
alcohol, and put the cork and tube in thek places. The lamp iff 
then ready .-^C. 

1194. What iff the composition of alcohol? 

1195. From what is ethef obUdned i 

1196. How does it differ from alcohol? 

1197. In what does the foimation of ether consist? 

^3* 
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muriatic add, on alcohol. The add and carbon remain at tb^ 
bottom of the vessel, whilst the decarbonized alcohol flies off in the 
form of a condensable vapor, which is ether. 

Ether is the most inflammable of all fluids, and bums at so low a 
temperature that the heat evolved during its combustion is more 
than is re<}uired for its support, so that a quantity of ether is vola- 
tilized, which ^kes fire, ana gradually inq^eases the violence of the 
oombu8tl9ii. 

Sir Humphrey Davy has lately discovered a very siiLgular fact 
respecting the vapor of ether. If a few drops of ether be pour^ 
into a wine glass, and a fine platina wire, heated almost to redness, 
be held suspended in the glass, close to the sur&ce of the ethej, 
the wire soon becomes intensely red hot, and remains so for any 
length of time. We may easily try the experiment. 

Caroline, How very curious ! The wire is almost white hot, 
and a pungent sm^eU rises from the glass. Pray how is this ac-^ 
counted for? 

Mrs. B. This is owing to a very peculiar property of the vapor 
of ether, and indeed of many other combustible gaseous bodie^. 
At a certain temperature lower than that of ignition, these vapors 
undergo a slow and imperfect combustion, which does not give rise, 
in any sensible degree, to the phenomena of light and flame, and 
yet extricates a quantity of caloric sufficient to re-act upon the 
wire, and make it red hot, and the wire in its turn keeps up the 
efl^t as Ipng as the emission of vapo^ oontinuq^. 

T^Tiis singular eflfect, which is also produced by the. alcohol, may 
be rendered more striking, and kept up for an indefinite length of 
time, by rolling a few coils of platina wire, of the diameter of from 
about l-60th to l-70th of an inch, round the wick of a spirit lamp. 
If this lamp be lighted for a moment, and blown out again, the wirv, 
after ceasing fpr an instant to be luminous, becomes red hot again, 
though the lamp is. extinguished, and remains glowing vividly, till 
the whole of the sjpirit contained in the lamp has. been evaporated 
and consumed in this peculiar manner. 

Caroline. This is extremely curious. But why should not an. 
iron or silver wire produce the same eflect ? 

MrSyB. Because either iron or silver, being much better con- 
ductors of heat than platina, the heat is carried off* too fast by those . 
metals to allpw the accumulation of caloric necessary to produce 
the effect in question. 

Ether is so light that it evaporates at the common temperatune 
of the atmosphere ; it is therefore necessary to keep it confined hy 
a well ground glass stopper. No degree of cold known has ever 
frozen it.* 



* Ether freezes and sjioots into crystals, ^t 46° below the zero of 
Fahrenheit. — C. ' 

1198. What is the most inflammable of all bodies? 

1199. What singular eflect has Sir H.Davy lately discovered re? 
specting the vapor of ether ? 

1200. How may this effect be rendered more striking ? " 

1201. Why would not an iron or silver Wiic produce the same effects' 

1202. At what degree of cold will ethei fret:ze ? t -\ 
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Caroline, Is it not often taken medicinally ? 

Mrs. B, Yes ; it is one of the most effectual anti-spasmodic medi- 
cines, and the quickness of its efiects, as such, probably depends on 
its being instantly converted into vapor by the heat of the stomach, 
through the intervention of which it acts on the nervous system. 
But the frequent use of ether, like that of spirituous liquors, becomes 
^ prejudicial, and, if taken to excess, it produces ef^ts similar to 
those of intoxication. 

We may now take our leave of the vinous fermentation, of whiQh> 
I hope, you have acquired a clear idea; as well as of the severa^l 
products that are derived from it. 

Caroline. Though this process appear^, at first sight, so much 
complicated, it may, I think, be summed up in, a few words, as It 
consists in the conversion of sugar .an4 fermentable bodies intp 
alcohol and carbonic acid, which gives rise both to the formation of 
wine, and of all kinds of spirituous liquors. 

Mrs. B, We shall now proceed to the acetous. fermerUation, which 
is thus called, because it converts wine into vinegar, by the forma-s 
^ion of fjhe acetous. acid, which is the basis or radical of vinegar. 

Caroliiie. , But is not the acidifying principle of the acetous aciil 
■the same as that of all other acids, oxygen ? 

Mrs. B. Certainly ; and on that account, the contact of, air is 
essential to this, fern^ntation, as it affords the necessar3r supply oiT 
oxygen. Vineffar-, in order to obtain pure acetous acid from i% 
must be distilled and rectified by certain processes. 

Emily. But pray, Mrs. B., is not the acetous acid frequently 
formed without this fermentation takipg p]ace ? Is it not, for in- 
stance, contained in acid fruits, and in every substai^je that be- 
comes sour? 

McSs B.. No, not in fruits ; you confound it with the citric, thp 
malic, the oxalic, and other vegetable acids, to which living vege- 
tables owe their acidiiy. But whenever a vegetable substance 
turns sour, afler it has ceased to live, the acetous acid is developed 
by means of the acetous fermentation, in. which the substance ad- 
vances a step towards its final decomposition. 

Amongst the various instances of acetous fermentation that of 
bread is usually classed. 

Caroline. But the fermentation of breads i^ produced by yeast; 
how does, that effect it ? 

Mrs. B. It i^ found by experience that any substance that has 
already undergone a fermentation, wiH readily excite it in one that 
is susceptible of that process, K, for instance, you mix a little vine- 
gar with wine, that is intended to be acidified, it will absorb oxygen 
more rapidly, and the process be completed much sooqer, tlian if left 
to ferment spontaneously. Thus yeast, which is a product of the 
fermentation of beer, is used to excite and accelerate the fermenta^ 

12b3. How may the process of the vinouf fermentation be expressed 
in a few words/ 

1204. Why is the third fermentation called acetous ? 

1205. Why is the contact of air necessary to produce the acetous, 
fermentation ? 

1206. What is the reason that wine, or cider, when corked tight,, 
4oe8 not tarn \fi vinegar ? 

1^,: How is the fermentation of bread produced by yeast ? 
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tion of malt, which is to be converted into beer, as weH as that of 
l^aste, which is to be made into bread. 

Caroline. But if bread undergoes the acetous fermentation, mhy 
is it not sour ? 

Mrs, B. It acquires a certain savor which corrects the heavy 
insipidity of flour, and may be reckoned a first degree (^ acidifica^ 
tion, or if the process were carried fufllier, the bread would become 
decidedly acid. 

•There are, however, some chemists who do not consider the fer- 
mentation of biead as being of the acetous kind, but suppose that 
it is a process of fermentation peculiar to that substance. 

The putrid fermentation is the final operation of Nature and her 
last step towards reducing organized bodies to their amplest combi* 
nations. All vegetables spontaneously undergo this fermentation 
after death, provided there be a sufficient degree of heat and mois^ 
ture, together with access of air ; for it is well known that dead 
plants may be preserved by drying, or by ^e total exclusion of air. 

Caroline. But do dead plants undergo the other fermentations 
previous to this last ; or do they immediately suffer the putrid fer- 
mentation ? 

Mr^. B. That depends on a variety of circumstances, such as 
the degrees of temperature and of moisture, the nature of the plant 
itself, &c. But if you were carefully to foUow and examine the 
decomposition of plants from their death to thev final dissolution ^ \ 
you would generally find a sweetness developed in the seeds, and a 
spirituous flavor in the fruits (which have undergone the saccharine 
fermentation) previous to the total disorganisation and separation 
of the parts. 

Emily. I have sometimes remarked a kind of spirituous taste 
in fruits that were over ripe, especially oranges, ana this was just 
before they became rotten. 

Mrs. B. It was then the vinous fermentation, which had succeeded 
the saccharine, and had you followed up these changes attentively^ 
you would probably have found the spirituous taste followed by 
acidity, previous to the fruk passing t9 the state of putre^tion. 

When the leaves fail from the trees in the autumn, they do not (if 
there is no ^eat moisture in the atmosphere) immediately undergo 
a decomposition, but are first dried and withered ; as soon, how- 
ever, as the- rain sets in, fermentation commences, their gaseous 
products are imperceptibly evolved into the atmosphere, and their 
fixed reniains mixed with their kindred earth. 

"Wood, when exposed to moisture, also undergoes the putrid fer* 
mentation, and becomes rotten, 

Emily. But I have heard tha!t the dry rot, which is so liable tc 
destroy the beams of houses, is prevented by a current of air ; and 
I yet you said that the air was essential to the putrid fermentation ? 

Mrs. B. True ; but it must not be in such a proportion to the 
moisture as to dissolve the latter, and this is generally the case when 

1208. Why then is it not sour ? 

1209. What is the final fermestatioii m reducing organized bodies ta 
their simplest •combinations f * 

1210. What is mentioned of ©ranges, and other over ripe fruit, a* 
illustrating^ the above principle of fermentation ? 

1211. What is said of the fermentation of leaves f 
i212r How may the. dry rot be prevented ^ 
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tbe rotting of wood is. prevented or stopped by the free access of 
air What is commonly called dry rot, however, is not, I believe, 
a true {process of patre&ction. It is supposed to depend on a pe- 
culiar kind of vegetation, which by feedug on the wood gradusuly 
destroys it. 

Straw, and all other kinds of vegetable matter, undergo the putrid 
fermentation more rapidly when mixed with animal matter. Much 
heat is evolved during this process, and a variety of volatile products 
are disengaged, as carbonic acid and hydrogen gas, the latter of 
which is frequently either sulphurated or phosphorated. When all 
these gases nave been evolved, the fixed products, consisting of car- 
bon, small quantities of salts, potash, &c. form a kind of vegetable 
earth, which makes very fine manure, as it is composed of those 
dements which form the immediate materials of plants. 

Caroline. Pray, are not vegetables sometimes preserved from de- 
composition by petrifaction ? * I have seen very curious specimens 
of petrified vegetables, in which state they perfectly preserve their 
form and'orgaiiization, though in appearance they are changed to 
stone. 

Mrs, B. Thsrt is a kind of metamorphosis, which, now that you 
are tolerably well versed in the history of mineral and vegetable 
substances, I leave to your judgment to explain. Do you imagine 
that vegetables can be converted into stone ? 

Erruly. No, certainly ; but they might, perhaps, be changed to a 
substance in appearance resembling stone. 

Mrs, B, It IS not so, however, with the substances that are caDed 
petrified vegetables; for these are really stone, and generally of the 
hardest kind, often consisting chiefly of silex. The case is this : 
when a vegetable is buried under water, or wet in earth, it is slowly 
and gradually decomposed. As each successive particle of the 
vegetable is destroyed, its place is supplied by a particle of siliceous 
earth, conveyed thither by the water. In the course of time the 
veg^etable is entirely destroyed, but the silex has completely re^ 
pliced it, having assumed its form and apparent texture, as if the 
vegetable itself were changed to stone. 

CaroUne, That is very curious! and I suppose that petrified 
animal substances are of the same nature ? 

Mrs. B, Precisely. It is equally impossible for either animal or 

vegetable substances to be converted into stone. They may be 

' reduced, as we find they are, by decomposition, to their constituent 

elements, but cannot be changed to elements which do not enter 

into their composition. 

I -- ■ ' 1 > 

* Petrifactions are of two kinds, viz. siliceous, when flinty parU-^ 
cl^ take the place of the original substance, and calcareous, where 
the substance appears to be changed to limestone. The first kind 
gives fire witii steel, and the other effervesces with acids.— C. 

- 1213. On what i^the dry rot supposed to depend ? 

1214. Why will animal matter, mixed with straw and other vegeta 
t>le fubstances, hasten fermentation ? 

1215. What are vegetable petrifactions ? 

1216. How are vegetable petrifactions formed ? 

1217. How many kinds of petrifactions are there f 

1218. What are they called, and what aft their properties f 
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There are, however, circumstances which ftequently prevent the 
regular and final decomposition of vegetables : as lor instance, when 
they are buried either in the sea or in the earth, where they cannot 
undergo the putrid fermentation for want of air. In these cases^ 
they are subject to a peculiar change, by which they are converted 
into a new class of compounds caHed bitumens, 

Caroline, These are substances I never heard of before. 

Mrs, B, You will find, however, that some of them are very 
familiar to you. Bitumens are vegetables so far decomposed as to 
retain n« organic appearance ; but their origin is easily detected by 
their oily nature, their combustibility, the products of their analysis, 
and the impression of the forms of leaves, grains, fibres of wood, 
and even of animals, which they frequently bear. 

They are sometimes of an oily, liquid consistence, as the sub- 
stance called najohtha,* in which we preserved potassium ; it is a fine 
transparent, colorless fluid, that issues out ot clays in some parts 
of Persia. But more frequently bitumens are solid, as asphaUum, 
a smooth, hard, brittle substance, which easily melts, and forms, in 
its liquid state, a beautiful dark brown color for oil painting. Jet, 
which is of a still harder texture, is a peculiar bitumen, susceptible 
of so fine a polish, that it is used for many ornamental purposes. 

Coal is also a bituminous substance, to the composition of which, 
both the mineral and animal kingdoms seem to concur. This most 
useful mineral appears to consist chiefly of vegetable matter, mixed 
.with the remains of marine animals and marine salts, and occasion- 
ally ooBtaiainig a quantity of suiphutet of iron, commonly called 
pyrites. 

Emitu, It is, I suppose, the earthy, the metallic, and the saline 
parts of coals, that compose the cinders or fixed products of their« 
combustion; whilst the hydrogen and carbon, which they derive 
from vegetables, constitute their volatile products. 

Carohne, Pray, is not coke, (which I have heard is much used in 
some manufactures) also a bituminous substance ? 

Mrs. B, No ; it is a kind of fuel artificially prepared from coals. 
It consists of coals reduced to a substance analoffous to charcoal 
by the evaporation of their bituminous parts. Coke, therefore, is 
composed of carbon, with soijne earthy and saline ingredients. . 

iStotn or yeUow amber, is a bitumen which the ancients called 
electrum, from whence the word electricity is derived, as that sob- 
stance, is peculiarly, and was once supposed to be exdusively eleo- 
trie. It is found either deeply buried in the bowels of the earth, or 

• Naphtha appears to be the only fluid in which oxygen does not 
exist ; hence its property of preserving potassium, which has so 
strong an affinity for oxygen as to absorb it from ail other fluids. 
It however loses this property by exposure to the atmosphere, "^^ 
probably because it absorbs a small quantity of air, or moisture. It 
IS again restored by distillation. — C. 

1219. What are bitumens, and how are they formed ? 

1220. What is asphaltum .? 

1221. What is ret? 

1222. What b coal? 

1223. How does coke differ Arom coal ' 

1224. What is yellow amber? 
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floating on the sea, and is supposed to be a resinous body which has 
been acted on by sulphuric acid, as its analysis shows it to consist 
of an oil and an acid. The oil is called oil of amber; the acid the 
sucdnnic. 

Emify^ That oil I have sometimes used in painting, as it is reck- 
oned to change less than the other kinds of oU. 

Mrs, B, The last class of vegetable substances that have chang* 
ed their nature Sire fossil wood, peat, and turf These are composed 
of wood and roots of shrubs, that are partly decomposed by being 
exposed to moisture under ground, and yet in some measure, pre- 
serve their form and organic appearance. The peat, or black earth 
of the moors, retains but few vestiges of the roots to which it owes 
its richness and combustibility, these substances being in the course 
of time, reduced to the state of vegetable earth. But in turf the 
roots of plants are still discernible, and it equally answers the pur- 
pose of fuel. It is the combustible used by the poor in heathy 
countries, which supply it abundantly. 

It is too late this morning to enter into the history of vegetation 
We shall reserve the subject, therefore, to our next interview, 
ifrhen I expect that it will furnish us with ample matter for another 
conversation. 



CONVERSATION XXII. 

BISTORT or VEGETATION. 

Mrs. B, The vegetable kingdom may be considered as the link 
which unites the mineral and animal creation into one common 
chain of beings ; for it is through the means of vegetation alone that 
mineral substances are introduced into the animal system ; since, 
generally speaking, it is from vegetables that all animals ultimate- 
ly derive their sustenance. 

Caroline, I do not understand that ; the human species subsist 33 
much on animal as on vegetable food. 

Mrs. B. That is true ; but you do not consider that those that 
live on animal food derive their sustenance equally, though not so 
immediately, from vegetables. The meat which we eat is formed 
from the herbs of the field, and the prey of carnivorous animals pro- 
ceeds either directly or indirectly from the same source. It is, 
therefore, through this channel, that the simple elements become a 
part of the animal frame. We should in vain attempt to derive 
nourishment from carbon, hydrogen, and oxygen, either in their 
separate state or combined in the mineral kingdom ; for it is only 

1225. Where is it found ? 

1226. What are fossil wood, peat and turf .^ 

1227. Why does naphtlia preserve potassium ^ 

1228. What is considered as uniting the mineral and animal crea- 
tion ? 

1229. From whence. do all animals derive their sustenance ^ 

1230. Iq what state are carbon, hydrogen, and cxygen, capable of 
aflbrding nourishment ? 
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by being united in the fonn of vegetable combination that they be- 
come capable of conveying nourishment. 

Unify, Vegetation, then, seems to be the method which Nature 
employs to prepare the food of animals i 

Mrs, B, That is certainly its principal object. The vegetable 
creation does not exhibit more wisdom m that admirable system of • 
organization, by which it is enabled to answer its own immediate 
ends of preservation, nutrition and propagation, than in its grand 
and ultimate object of forming those arrangements and combina> 
tions of principles, which are so well adapted for the nourishment 
of animals. / 

Emify. But I am very curious to know whence vegetables obtain 
those principles which form their immediate materials ? 

Mrs, B, This is a point on which we are yet so much in the dark 
that I cannot hope fully to satisfy your curiosity ; but what little 1 
know on this subject, I shall endeavor to explain to you. 

The soil which at first view, appears to be the element of vegeta- 
bles, is found on a closer investigation, to be little more than the 
channel through which they receive their nourishment ; so that it is 
very possible jto rear plants without any earth or soil.* 

* The opinion that water is the only food of plants, was adopted 
by the learned on this subject in the 17th century ; and inany ex- 
periments were made which seemed to prove that this was the 
truth. Among others was a famous one by Van Helmont, which 
for a long time was supposed to have established the point beyond 
all doubt: He planted a willow which weighed five pounds, in an 
earthen vessel containing 200 lbs. of dried earth. This vessel was 
sunk into the ground, and the tree was watered, sometimes with 
distilled, and sometimes with rain water. 

At the end of five years the willow weighed 169 lbs. ; and on 
weighing the soil, dried as before, it was found to have lost only two 
ounces. Thus the willow had gained 164 lbs., and yet its food had 
been only water. The induction from this experiment was obvious. 
Plants live on pure water. This, therefore, was the general opinion 
until the progress of chemistry detected its fallacy. Bergman, in 
1763, showed, by some experiments, that the water which V an Hel- 
mont had used, contained as much earth as could exist in the tree 
at the end of the five years ; a pound of water contained about a 
grain of earth. So that this experiment by no means proved that 
the willow lived on water alone. Since this time a ^eat variety of 
experiments have been made for the purpose of deciding what was 
the food of plants. In the course of these it has been found, that 
although seeds do vegetate in pure distilled water, yet the plant is 
weakly and finally dies before the fruit is mature!. 
, It is pretty certain, then, that earth is absolutely necessary to the 
CTowth of plants, and that a part of their food is taken from the soil. 
l.ndeed, the well known fact that a soil is worn out hyz. long succes- 

. L , . 

1231. Do vegetables receive their chief aliment from the Boil in which 
they grow ? 

12^. What experiment was made by Hdmont to ascertain the nour 
isnmetU of vegetables f 

1233. What will be the condition of plants in pure water onlyf m 
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Tixroline, Of that we have an instance in the hyacinth and other 
Wlboiis roots, which will ffrow and blossom beautifullj^ in glasses of 
^?^ater. But I confess I should think it would be difficult to rear 
trees in a similar ipanner. 

Mrs, B, No doubt it would, as it is the burying of the roots in the 
earth that supports the stem of th^ tree, fiut this office, besides 
that of affording a vehicle for food, is far the mctet important part 
which the earthy portion of the Boil performs in the process of veff- 
'etation ; for we can discover by analysis, but an extremely smSil 
proportion of earth in vegetable compounds. 

Caroline. But if earths do not afford nourishment, why is it ne- 
cessary to be so attentive to the prepjfration of the soil ? 

Mrs. B. In order to impart to i\ those quahties -which render it 
a proper vehicle for the food of the plant. Water is the chief nour- 
ishment of vegetables ; if, therefore, the soil be too sandy, it will not 
retain a quantity of water sufficient to supply the roots of the plants. 
If, on the contrary, it abounds too much with clay, the water will 
lodge in such quantities as to threaten a decomposition of the roots. 
Calcareous soils Ure, upon the whole, the most favorable to the 
^owth of plants : soils are, therefore, usually improved by chalk, 
which you may recollect, is carbonat of lime, different vegetables, 
however, require different kinds of soils. Thus, rice demands a 
most retentive soil ; potatoes, a soft sandy soil ; ^heat, a Ifrm and 
rich soil. Forest trees grow better in fine sand, than in a stiff clay ; 
and a light ferruginous soil is best suited to fruit trees. 

Caroline. But pray what is the use of manuring the soil? 

Mrs. B. Msftiure consists of all kinds of substances whether of 
'vegetable or animal origin, which have undergone the putrid fer- * 

sion of crops, and finally becomes sterile, unless manured, is good 
proof that plants do absorb something from it. 

Saussure has shown that this is the fact, and also that the earth, 
which is always found in plants, is of the same kind as that on 
which they grow. Thus trees growing in a granitic soil, contain a 
large proportion cff silica, while those growing in calcareous soil, 
contain little silica, but a great proportion of calcareous earth. 

In addition to what plants absorb from the ground, there is no 
doubt but they obtain a part of their nourishment from water and 
air. Some experiments made at Berlin, show that wheat, barley, 
&c. contain a quantity of earth though fed only on distilled -water. 

From the air, plants absorb carbonic acid gas. The carbon they 
retain, which forins the greatest part of their bulk. The oxygen is 
emitted, and goes to punfy the atmosphere. 

Thus it is seen that plants obtain their food ft^tit the earth, from 
water, and from the air. — C. 

1234. What facts did Saussure diseever relating to this subject f 

1235. Whence do pUmtsdeHte^tMr food f 

1236. If earths do not afford nourishment, why is it necessary to be 
- ID particular in enriching the soil ? 

1237. What is the nourishment of vegetables? 

1238. What is the consequence to vegetables if the soil k tQ6 
'■andy f 

'^ViSd. What if it abounds too much with clay ? 
«4 
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mentation, and are consequently deoomposed, cit ndaiiy so, into 
their elementary principles. And it is requisite that these vegeta- 
ble matters shoold be in a state of decay, or, approaching decompo- 
sition. The addition of calcareous earth, in the ^tate of chalk or 
lime, is beneficial to- such soils, as it accelerates the dissolution of 
vegetable bodies. Now, I ask you, what is the utility of supplying 
the soil with these decomposed substances ? 

Caroline. It is, I 8upi>ose, in order to furnish vegetables with the 
principles which enter into their composition. For manures not 
only contain carbon, hydrogen and oxygen, but by their decompo- 
sition supply the soil with these principles in their elementary form.* 

Mrs, j3. Undoubtedly ; and it is for this reason that the finest 
crops are produced in fields that were formerly covered with woods, 
because their sofl is composed of a rich mould, a kind of vegetable 
earth which abounds in those principled. 

EnUhf. This accounts for the plentifulness of the drops produced 
in America, where the country was, but a few yeaiii since^ covered 
with ^ood. 

Oafolim. But hol^ r^ it tiiat animal substances are reckoned to 
product the best liianure ? Does it not appear much more natural 
that the decomposed elements of vegetables should be the most ap 
propriate to the formation of new vegetables ? 

Mrs. B. The addition of a much greater proportion of nitro^^, 
which constitutes the Chief difference betw^ aniinal and vegeutble 
matter, renders the composition of the {brmer more complicated and 
consequently more favorable to decomposition. 

Indeed the use of animal substance is chiefly to g^ve the fiist im- 
pulse to the fermentation of the vegetable ingredients that enter in^: 
to the composition of manures. The manure of a fiirm yard is of 
that description ; but there is scarcely any substance susceptible of 
undergoing the putrid fermentation, that will make good manure. 
The heat produced by the fermentation of manure is another cir- 
cumstance which is extremely favorable to vegetation ; yet this 
heat would be too great if the manure was laid on the ground during 
the height of fermentation ; it is used in this state only for hot-beds 
to prdduce melons, cucumbers, and such vegetables as require a very 
high temperature. 

CafultThe, A difficulty has just occurred to me which I do not 
know how to remove. Since aS organized bodies are, in the com- 
mon course of nature, ultimately reduced to their elementary state, 
they must necessarily in that state ennch the soil, and afibrd food 
for vegetation. How is it then, that agriculture, which cannot in- 
crease the quantity of those elements that are required to manure 
the earth, can increase its plroducts do wonderfuUy, aJB id feond to 
be the case in all cuitiVat^d countries ? 



* But what is the use of aH this, if "Wat^r is the chief nourisk^ 
ment of vegetables .^"-^C. 

1240. What is the use of d'ecoita^<M(ed substances as is found in 
manure^ 

1241. Why are the best crops produced did new lands, or where thej 
were recently covered with wood.^ 

1242. Why do animal substances make the best BMmure ? 
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Mrs* B, It is by sofiering noiie of these decaying bodies to be 
dispersed and wasted, but in applying them duly to the soil. It is 
also by a judicious preparation oi the soil, which consists in fitting 
it either for die general purposes of vegetation, or for that of the 
particular se^d which is to be sown. Thus, if the soil be too wet, 
It may be drained ; if too loose and sandy, it may be rendered more 
consistent and retentive of water by the addition of clay or loam ; 
it may be enriched by ehalk, or any kind of calcareous earth. On 
soils thus improved, manures will act with double efficacy ; and if 
attention be paid to spread diem on the ground at a proper season 
of the year^ to mix them with the soil, so that they may be general- 
ly diSused through it, to destroy the weed$ which might appropri- 
ate these nutritive piincipies'ljo their own use, to remove the stones 
which would impede the growth of the plant, we may obtain a pro- 
duce an hundred fold mere abundant than the earth "woidd sponta- 
neously supply. 

Emuy, We have a \ery striking instance of this in the scanty 
produce of uncultivated commons, compared tp the rich crops of 
meadows which are occasionally manured. 

Caroline. But, Mrs. B., though experience dajly proves the ad- 
vantages of cultivation, there is still a difficulty w^ch I cannot get 
©ver^ A certain quantity of elementary principles exist in nature, 
which it is not in the power of man either to augment or diminish. 
Of these principles, you have taught us that both the animal and 
vegetable creations are composed. Now the mmte of them is taken 
up by the vegetable kingdom, the less it would seem will remain 
iat animals^ ai^ ^eredbre the more populoojs the earth becomes, 
the less it will produce.. 

Mrs, B, Your reasoning is very plausible ; but experience every 
where contradicts the inference you would draw firom it; since 
we find that the animal and vegetable kingdoms instead of thriving 
as you would suppose, at each other's expense, always increase 
and multiply together. For you should recollect that animals can 
derive the eiemente of which they are formed only through the me- 
dium of vegetables. And you must allow that your conclusion 
would be vaSid only if every particle of the several principles that 
could possibly be spared from other purposes, were employed in 
die animal and vegetable creations. Now we have reason to be- 
lieve that a much greater proportion of these principles than is re- 
quired for soefa purposes, remains either in an elementary state, or 
engaged in a less useful mode of oombdnation in the mineral king- 
dom. Possessed of such immense resources as the atmosphere and 
the waters atford us, for oxygen, hydrogen and carbon, so far from 
being in danger of working up aJl our simple materials, we cannot 
suppose that we shall ever bring agriculture to sudi a degree of 
perfection as to requii>e the whole of what these resources could 
aunply. 

Natui«, however, in thus furnishing us with an inexhaustible stock 

1243. How is it that agriculture, which cannot increase the quantity 
of those elements that are required to manure the earth, so greatly i^- 
cvease its vegetable products ? 

1244. Of what are the vegetable and animal creation composed ? 

1245. What objection is inade to the principles stated for the i^c^eass 
of vegetable productions? 

12&. How is this objection answered? 
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of raw materials, leaves it in some measure to the ingenuitv of oas 
to appropriate them to his own purposes. But, like a kin j paxesit, 
she stimulates him to exertion, by seating the example, and point- 
ing out the way. For it is on the operations of Nature that ail the 
improvements of art are founded. The art of agriculture consists, 
therefore, in discovering the readiest method of obtaining the seve- 
ral principles, either from their grand sources, air and water, or 
from the decomposition of orgstnized bodies ; and in appropriating 
them yjL the best manner to the purposes of vegetation. 

Emily^ But, among the sogxces of nutritive principles, I am sui^ 
prised that you do not mention, the earth itself, as^it contains abun- 
dance of coals, which are chiefly composed of carbon. 

Mrs. B. Though coals abound in carbon, they cannot on account 
of their hardness and impermeable texture, be immediately subser- 
vient to the purposes of vegetation ; and we find, on the contrsury, 
that coal districts are generally barren. 

Emily, No ; but by their combustion, carbonic acid is produced ; 
and tlus entering into various combinations on the surface of the 
earth, may, perhaps, assist in promoting vegetation. 

Mrs. B. rrobably it may in some degree ; but at any rate, the 
quantity of nourishment which vegetables may derive from tha^ 
source can be but very trifling, and mui^ entirdy depend on local 
<urcumstances. 

Caroline. Perhaps the smoky atmosphere of London i» the cause 
of vegetation being so forward and so rich in its vicinity ? 

Mrs. B. I rather believe that this circumstance proceeds from the 
very ample supply of manure, assisted, perhaps, by the warmth and 
shelter which the town affords. Far from attributing any good to 
the smoky atmosphere of London, I confess I like to afiticipate the 
time when we shall have made such progress in the art of managing 
combustion, that every particle of carbon wiU be con^med, ana 
the smoke destroyed at the moment of its production. We may theo 
expect to have the satisfaction of seeing the atmosphere of London 
as clear as that of th^ country . But to return to our subject ; \ hope 
that you are now convinced that we i^all not easily experience a 
deficiency of nutritive elements to fertilize the earth, and that pro^r 
vided we are but industrious in applying them to the best advantage 
by improving the art of agriculture, no limits can be assigned to the 
fruits that we may expect to reap from our labors. 

CoFoline. Yes : I am perfectly satisfied in that respect, and I can 
assure you that I feel already much more interested in the progress 
and improvement of agriculture. 

EmUy. I have frequently thought that the culture of the land wa« 
not considered as a concern of sufficient importance. Manu^tures 
always take the lead ; and health and innocence are frequently aiar 
crificed to the prospect of a more profitable employment. It ha» 
often grieved me to see the poor manufacturers crowded together 

1247. Jn what does the art of agriculture consist ? 

1248. Why cannot coals be immediately subservient to the purposes 
of vegetation? 

1249. Is there any occasion to apprehend a deficiency of nutritive 
elements to fertilize the earth ? 

1250. What objection is made to manufactures P 
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in dose rooms, and confined for the whole day to the most uniform 
and sedentary employment, instead of being engaged in that in- 
nocent and salutary kind of labor, which Nature seems to have 
assigned to man for the immediate acquirement of comfort, and for 
the preservation of his existence. I am sure that you agree with 
me, m thinking so, Mrs. B. 

Mrs. B. I am entirely of your opinion, my dear, in regard to the 
importance of a^culture ; but as the conveniences of life, which 
we are all enjoying, are not derived merely from the soil, I am ^r 
ftom wishing to depreciate manufactures. Besides, as the labor of 
one man is sufficient to produce food for several, those whose in- 
dustry is not required in tillage must do something in return for the 
food that is provided for them. They exchange, consequently, the 
accommodations for the necessaries of life. Thus the carpenter and 
the weaver lodge and clothe the peasant, who supplies them with 
their daily bread^ The greater stocK of provisions, therefore, which 
the husbandman produces,^ the greater is the quantity of accommo- 
dation which the artificer prepares. Such, are the happy efiects 
which naturally result from civilized society. It woula oe wiser, 
therefore, to endeavor to improve the situation of those who are 
engaged in manufactures, than to indulge in vain declamations on 
the hardships to which they are too frequently exposed. 

But we must not yet take our leave of the subject of affriculture ; 
we have prepared the soil, it remains for us now to sow the seed. — 
In this operation, we must be careful not to bury it too deep in the 
ground, as the access of air is absolutely necessary to its- germina- 
tion ; the earth must, therefore, lie loose and light over it in order 
diat the air may penetrate. Hence the use of ploughing and dig- 
ging, harrowing and raking, &c. A certain degree of heat and 
moisture, such as usually takes place in the spring, is likewise 
necessary. 

Caroline. One would imagine you were going to describe the 
decomposition of an old plant, rather than the formation of a new 
one ; for you have enumerated all the requisites of fermentation. 

Mrs. B. Do you forget, my dear, that the young plant derives its 
existence from the destruction of the seed, and that it is actually by 
the saccharine fermentation that the latter is decomposed ? 

Caroline. True ; I wonder that I did not recollect that. The tem- 
perature and moisture required for the germination of the seed is 
then employed in producing the saccharinQ fermentation within it ? 

Mrs. B. Certainly. But, in order to understand the nature of 
germination, you should be acauainted with the different parts of 
which the seed is composed. The external covering or envelope 
contains, besides ^e germ of the future plant, the substance which 
is to-constitute its first nourishment ; this substance, which is called 
the parenchyma, consists of fecula, mucilage, and oil, as we formerly 
observed. • 

1251 . For how many persons can one man in agricultural labor pro- 
duce food ? 

1252. Why is this a reason for encouraging manufactures? 

1253. What is the use of ploughing, digging, harrowing, raking, 
&c., in agriculture ? 

24 • 
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The seed is generally divided into two compartments called Zo&ef , 
or c^ledonSf as is exemplified by this bean, (Fi^. 36,) — the dark 
(fig. 36.) colored kmd of 8trin|r which divides the lobes is 
called the radicle, as it forms the root of the plant, 
I and it is from a contiguous substance called ph- 
rmda, which is enclos^ within the lobes, tiiat the 
stem arises. — ^The figure and size of the seed de- 
pend very much upon the cotyledons ; these vary in 
number m dififerent seeds ; some have only one, as 
wheat, oats, barley, and all the grasses ; some have 
three, others six. But most seeds, as for instance, all the varieties 
of beans, have two cotyledons. When the seed is buried in the 
earth, at any temperature above 40 degrees, it imbibes water, 
which sof^ns and swells the lobes ; it then absorbs oxygen, which 
combines with some of its carbon, and is returned in the form of 
carbonic acid. This loss of carbon increases the comparative pro- 
portion of hydrogen ai^d oxygen in seed, and excites the saccharine 
fermentation by which the parenchymatious matter is converted 
into a kind of sweet emulsion. In this form it is carried into the 
radicle by vessels appropriated to that purpose ; and in the mean- 
time, the fermentation having caused the «eed to burst, the cotyle- 
dons are rent asunder, the radicle strikes into the ground and 
becomes the root of the plant, and hence the fermented liquid is 
conveyed to the plumula, whose vessels have been previoudy dis- 
tended by the heat of the fermentation. The plumula being th^s 
swelled, as it were, by the emulsive fluid, raises itself and springs 
up to the surface of the earth, bearing with it the cotyledons, which, 
as soon as they come in contact with the air, spread themselves, and 
are transformed into leaves. — ^If we go into the garden, we shall 
probably find some seeds in the state in which I have described. 

Emibf, Here are some little lupines that are just making their 
appearance above ground. 

Mrs, B. We shall take up several of them to observe their dif- 
ferent decrees of progress in vegetation. Here is one that has but 
recently burst its envelope— do you see the little radicle striking 
downwards ? (Fig. 37, No. 1.) In this the plumula is not yet visi- 
ble. But here is another in a greater state of forwardness — ^the 
plumula, or stem, has risen out of the ground, and the cotyledons 
are converted into seed-leaves.^ (Fig. 37, No. 2.) 

Caroline, These leaves are' very thick and clumsy, and, unlike 
the other leaves, which I perceive are just beginning to appear. 

Mrs, B, It is because they retain the remains of the parenchyma, 
witli which they still continue to nourish the young plant, as it has 
not yet sufficient roots and strength to provide for its sustenance 
from the soil. But, in this third lupine, (Fig. 37, No. 3.) the radicle 
had sunk deep into the earth, and sent out several shoots, each of 

1254. What part of the seed is called cotyledons ? 

1255. What part is called radicle ? 

1256. What part is called plumula ? 

1257. At what temperature will seeds germinate ? 

1258. How would you describe the process of germination in seeds ^ 

1259. What do Nos. 1 and 2 of Fig. 37, represent.? 

1260. What does No. 3, in Fig. 37, represent.? 
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Fig. 37. which is fimdshed with a mouth 

to suck up nQurishment from 
the soil ; the function of the 
original leaVes, therefore, be- 
ing no longer required, they 
are gradually decaying, and 
the plumula is become a regu- 
lar stem, shooting out small 
branches, and spreading its 
/ foliage. 

Emify. There seems to be & 
very striking analogy between 
a seed and an egg ; both require 
an elevation of temperature to 
be brought to life ; both at first 
supply with aliment the organ- 
ized being which they produce ; 
and as this has attained suffi- 
cient strength to procure its 
own nouiishm5nt, the egg- 
shell breaks, whilst In the plant 
the seed leaves fall off. 

Mrs. B. There is certainly 

some resemblance between 

^-^ ^^ *"** ^' ^^'J\ ^J' ^^yJS^o"- these processes; and when 

C, Envelope. D, Radicle. Fig. 37, No. 2. ^ y/^ «^ ' .«;«*«4 ™:*k 

A B, Cotyledons, c, Plumula. ^D, Radicle, you become acquamted with 
Fig. 37, No. 3. A B, Cotyledon, c, Plumula. animal chemistry, you will 

D, Radicle. frequently be struck with its 
analogy to that of the vegetable kingdom. 

As soon as the yo'unff plant feeds from the soil, it requires the 
assistance of leaves, which are the organs by which it throve off 
its superabundant fluid ; this secretion is much more plentiful in 
the vegetable than in the animal creation, and the great extent of 
surface of the foliage of plants is admirably calculated for carrying 
it on in sufficient quantities. This transpired iluid consists of Uttle 
more than water. The sap, by this process, is converted into a 
liquid of greater consistence, which is fit' to be assimilated to its 
several parts. 

Emily. Vegetation, then, must be essentially injured by destroy- 
ing the leaves of the plant. 

Mrs. B. Undoubtedly ; it not only diminishes the transpiratioa, , 
but also the absorption by the roots ; for the quantity of sap ab- 
sorbed, is always in proportion to the quantity of fluid thrown off 
by transpiration. You see, therefore, the necessity that a young 
plant should unfold its leaves as soon as it begins to derive its nour- 
ishment from the soil ; and, accordingly, you will find that those 
lupines which have dropped their seed-leaves, and are no longer 
fed by the parenchyma, have spread their foliage, in order to per- 
form the office just described. 

1261. What purposes do the leaves of vegetables answer during their 
growth ? 

. 1^*2. What will be the injury to vegetation if the leaves are de- 
stroyed ^ 



Digitized 



by Google 



Bot I should inform yos that this fnnctioii of tnaftpiration seems 
to be confined to the npjfet sir&ce of the leaves, whilst on the 
oontrary, the lower sorface, whicn is more roc^h and uneven, and 
fomkhed with a kind of hui or down, is destined to absorb mois- 
ture, or SQch other ingredients as the plant derives firom the 
atmosphere. 

As soon as a yoxmg plant makes its appearance above ground, 
tight, as well as air, becomes necessary to its preservation. la^ht 
is essential to the developement of the colors, and to tlie thrivmg 
of the plant. Yon may have often observed what a predilection 
vegetabies had £br the li^ht. If you make any plants grow in a 
room, they all spread their leaves, and extend their branches to- 
wards the windows. 

Caroline, And manj^ plants dose up their flowers as soon as it 
is dark. 

Emihf. But may not this be owing to the cold and dampness of 
the evening air ? 

Mrs, B, That does not appear to be the case ; for in the course 
of curious experiments, made by Mr. Senebier of Greneva, on plants 
which he reared by lamp-light, he found thdt the flowers closed 
their petals whenever the lamps were extinguished. 

Em/ihf, But, pray, why is air essential to vegetation ? Plants do 
not breathe it like animals. 

Mrs, B, At least, not in the same manner ; but they certainly 
derive some principles firom the atmosphere, and yield others to it. 
Indeed it is chiefly owing to the action of the atmosphere and the 
vegetable kingdom on each other, that the air continues alwa3rs fit 
for respiration. But you will understand this better when I have 
explained the eflfect of water on plants. 

I have said that water forms the chief nourishment of plants ; it 
is the basis not only of the sap, but of all the vegetable juices. 
Water is the vehicle which carries into the plant the various salts 
and other ingredients required for the formation and support of the 
vegetable system. Nor is this all ; part of the water itself is de- 
composed by the organs of the plant; the hydrogen becomes a 
constituent part of oil, of extract, of coloring matter, &c., whilst a 
portion of the oxygen enters into the formation of mucilage, of 
fecula, of sugar, and of vegetable acids. But the greater part of 
the oxygen proceeding from the decomposition of the water is con- 
verted into a gaseous state by the caloric disengaged from the 
hydrogen during its condensation in the formation of the vegetable 
matenals. In this state, the oxygen is transpired by the leaves of 

Slants when exposed to the sun's rays. Thus you find that the 
ecomposition of water, by the organs of the plant, is not only a 
means of supplying it with its chief ingredient, hydrogen, but' at 
the same time of replenishing the atmosphere with oxygen, a prin- 
ciple which requires continual renovation, to make up for the great 
consumption of it occasioned by the numerous oxygenations, com- 

1263. How does the under side of leaves differ from the upper side ? 

1264. Of what use is light in the growth of vegetables.^ 

1265. Of what use is air in vegetation ? 

1266. How are the various salts and other ingredients required for Uie 
formation and support of the vegetable system carried into plants ? 
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bastions, and respirations, that are constantly taking place on the 
surface of the globe.* 

Emily. What a striking instance of the harmony of nature ! 

Mrs, B, And how admirable the design rf Providence, who 
makes every different part of the creation thus contribute to Uie 
support and renovation of each other ! 

But the intercourse of the vegetable and animal 'kingdoms, 
through the medium of the atmosphere, extends still further. Ani- 
XOsAs, in breathing, not only consume the oxygen of the air, but 
load it with carbonic acid, wnich, if accumulate in the atmosphere, 
would, in a short time, render it to^y unfit for respiration. Here 
the vegetable kingdom again interferes ; it attracts and decomposes 
the carbonic aqjd, retains the carbon for its own purposes, and re- 
turns the oxygen for ours.f 

Caroline. How interesting this is I I do not know a more beau- 
tiful illustration of the wisdom which is displayed in the laws of 
nature. 

Mrs. B. Faint and imperfect as are the ideas which our limited 
perceptions enable us to form of divine wisdom, still they cannot 
jail to inspire us with awe and admiration. What, then, would be 
our feeUngs, were the complete system of nature at once displayed 
before us ! So Qiagnificent a scene would probably be too great for 
our limited comprehension ; and it is, no doubt, among the wise dis- 

* The foregoing paragraph might mislead the student. Indeed it 
eeems to have been written without regard to proper authorities. — 
For instance, there is no proof that water is decomposed by the 
organs of plants : nor is it in the least degree probable that the 
oxygen emitted by them owes its gaseous state to the caloric set free 
by the condensation of hydrogen. Authors on this subject, agree 
that the thickest veil covers the process by which the sap is con- 
* verted into the several parts of the plant. But it has been demon- 
strated, that most, if not all the oxygen emitted by the leaves, is 
obtained by the decomposition of air, instead of water, as here 
Stated. If leaves are exposed to the rays of the sun, while under/ 
common water, they emit oxygen. But if the water is first deprived 
of its air, by an air pump, or by boiling, not a particle of oxygen is 
emitted. Now, atmospheric air always contains a quantity of car- 
bonic acid gas, and experiments show that plants give out oxygen, 
in some proportion to the quantity of this gas contained in the water. 
The fact then seems to be, that plants absorb carbonic acid, that 
this is decomposed by some unknown process ; the plant retaining • 
the carbon, while the oxygen is given out. — C. 

fit is a curious fact, demonstrated by experiments, that the leaves 
pf plants perform different oflices at different periods of the 24 hours. 
Puring the day they ^ive out water, absorb carbonic acid, and emit 
oxygen gas ; but during the night they absorb water, and oxygen 
gas, and give out carbonic acid. — C. 

1267. How do animal and vegetable life mutually support each 
other? 

1268. What curious fact is stated of the leaves of vegetables in the 
ntftfif 

1269. What in the organization of nature is particularly suited to the 
. ational powers of man° 
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pensatioiis of Proiideiice, to yeil the splendor of a gloTy wita which 
we should be OTorpowered. But it is well suited to a rational being 
to explore step by step, the works of the creation, to endeavor to 
eonnect them into harmonioud systems ; and, in a word, to trace, in 
the chain of beings, the kindred ties and benevolent design which 
unites its various links, and secures its preservation. 

Caroline. But of what nature are the organs of plants which are 
endued with such wonderful powers ? 

Mrs, B. They are so minute that their structure, as well as the 
mode in which they perform their functions, generally elude our 
examination ; but we may consider them as so many vessels or ap- 
paratus appropriated to perform, with the assistance of the principle' 
of life, certain chemical processes, by means of which these vegeta- 
ble compounds are generated. Wtf may, however, trace the tannin, 
resins, gums, mucilage, and some other vegetable materials, in the 
organized arrangement of plants, in which they form the bark, the 
wood, the leaves, flowers, and seeds. 

The bark is composed of the epidermis, the parenchyma, s^d the 
cortical Iw/ers, 

The epidermis is the external covering of the plant. It is a thin 
transparent membrane, consisting of a number of slender fibres^ 
crossing each other, and forming a kind of net work. When of a 
white glossy nature, as in several species of trees, in the stems of 
corn and of seeds, it is composed of a thin coating of siliceous earth, 
which accounts for the strength and hardness of those long and slen^ 
der stems. Sir H. Davy was led to the discovery of the siUceous 
nature of the epidermis of such plants, by observing the singular 
phenomenon of sparks of fire emitted by the collision of rattan canes 
with which two boys were fighting in a dark room. On analyzing 
the epidermis of the cane, he found it to be almost entirely siliceous.* 

Caroline. With iron, then, a cane I suppose, will strike fire very 
easily ? 

Mrs. B. I understand that it will. In evergreens, the epidermis 
is mostly resinous, and in some few plants is formed of wax. The 
resin, from its want of aflinity for water, tends to preserve the plant 
from the destructive effects of violent rains, severe climates, or in- 
clement seasons, to which this species of vegetables is- peculiarly 
exposed. 

jE}mily. Resin must preserve wood just like a varnish, as it is the 
essential ingredient of varnishes. 

Mrs. B. Yes ; and by this means it prevents, likewise, all un- 
necessary expenditure of moisture. 

The parenchyma is immediately beneath the epidermis ; it is that 

* In the scouring rush, (Equisetum hyemak) the siliceous epider- 
n>is is still more obvious. If drawn across a piece of soft metal, as 
silver or copper, it cuts it like a file. It even makes an impression 
on the hardest steel. — C. 

1270. Of what is bark composed ? 

1271. What is the epidermis? 

1272. In what manner was Sir H. Davy led to discover the siliceoijs 
nature of the epidermis of particular plants ? 

1273. How does resin tend to preserve the plant? 

1274. What is the parenchyma ' 
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gre^ rind which appears when you strip a hranch of any tree or 
shmh of*its external coat or bark. The parenchyma is not confined 
to the stem or branches, but extends orer every part of the plant. 
It forms the green matter of the leavissj and is composed of tubes 
filled with a peculiar juice. 

The cortical layers are immediately in contact with the wood ; 
they abound with tannin and gallic acid, and consist of small ves* 
sels through which the sap descends after being elaborated in the 
leavlBs. The cortical layers are annually renewed, the old bark 
being converted into wood. 

. A&s, B. That function is performed by the tubes of the alburnum 
or wood, which is immediately beneath the cortical layers. The 
wood is composed of woody fibre, mucilage, and resin. The fibres 
are disposed in two ways : some of them longitudinally, and these 
form what is called the silver grain of the wood. The others which 
are concentric are called the spurious grain. These last are dispo' 
sed in layers, from the number of which the agis of the tree majr be 
oomdutedj a new one^ing produced annually by the conversion of 
the bark into wood. The oldest and consequently most internal part 
of the alburnum, is called heart wood ; it appears to be dead, at least 
no vital functions are discernible in it. It is through the tubes of 
the Uving alburnum that the sap rises. These, therefore, spread 
mto the leaver, and there communicate with the extremities of the 
vessels of the cortical layers, into which' they pour their contents. 

Caroline-, Of what use, theuj are the tubes of the parenchyma j 
since neither the ascending nor descending sap passes through them ? 

Mr^, B. They are supposed to |)erform the important function of 
secreting from the sap the peculiar juices from which the j^ant 
more immediately derives its nourishment. These juices are Very 
conspicuous, as the vessels which contain them are muCh larger 
than those through which the sap circulates. The peculiar juices 
of plants differ much in their nature, not only in different species of 
vegetables, but frequently in different parts of the same individual 
plant ; they are sometimes saccharine, as in the sugar-cane, some- 
times resinous as in firs and evergreens, sometimes of a milky ap^ 
pearance as in the laurel. 

Emily, I have often observed j that in breaking a young «hootj or 
in bruising a leaf of laurel, a hiilky juice will ooze out in great 
abundance. , 

Mrs, B, And it is by making incisions in the bark, that pitch, tar> 
and turpentine* are obtained from fir trees. The durability of this 
spedes of wood is chiefly owing to the resinous nature of its peculiar 

^ Turpentine is obtained as described in the text. But tar and 
pitch are obtained by a very different method. A conical cavi^ is 
dug in the earth, at the bottom of which is placed a reservoir. Over 
this are piled billets of fir wood, forming a large pile. The pile is 
covered ^th turf to «mothelr th6 fire which is kindled at the top. As 
the wood id heated, and gradually convelrted into charcoal, the tar is 
. : T, 

1275. Through what does the sap ascend P 

1276. Of what is the wood composed ? 

1277. How are the fibred disposed ? 

J 278. Of what use are the tubes of the parenchvma ? 
, 1279. How may pitch, tar, and turpentme be obtained ? 
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jaioem. The Tolattle oik haye, in a great measme, the same presei;^ 
tailm elftctSy as they defend theparts with which they are connect- 
ed, from the attack ^insects. Tms tribe seems to have as great aa 
avemon to perfumes, as the human species have delight in them, 
"tliey scarcely ever attack any odoriferous parts of plants, and it is 
not nnconmion to see eyery leaf of a tree destroyed by a blight, 
whilst the Uossoms remain untouched. Cedar, sandal, and all aro- 
matic woods are, on this account, of great durability. 

Emihj, But the wood of the oak, which is so much esteemed for 
its durability, has, 1 believe, no smell. Does it deriye this quality 
'from its haxdness alone ? 

Mrs. B. Not entirely ; for the chestnut, though considerably bark- 
er and firmer than the oak, is not so lasting. The durability of the 
oak, is, I believe, in a great measure, owing to its having very little 
lieart wood, the albumuin preserving its vital functions longer than 
in other trees. 

CaroUne, If incisions are made into the alfanmum and cortical 
layers, may not the ascending and descend^g sap be procured in 
the same manner as the peculiar juice is firom the vessel of the pa^ 
^nchyma? 

Mrs. B. Yes ; but in order to obtsdn specimens of these fluids, iA' 
any quantity, the experiment must be made in the spring, when 
the sap circulates with the greatest energy . For this purpose a 
small bent glass tube should be introduced into the incision, through 
which the eapmay flow without mixing with any of the other juices 
of the tree. rVom the bark the sap will flow much more plentiful- 
ly than &om the wood, as the ascending sap is much more liquid, 
more abundant, and more rapid in its motion, than that which de^ 
^ends ; for the latter having been deprived by the operation of Ae 
leaves of a considerable part of its moisture, contains a much great- 
er proportion of solid matter, which retards its motion. It does not 
appear thstt there is any excess of descending sap, as none ever ex- 
udes from the roots of plants ; this process, therefore, seems to be 
carried on only in proportion to the wants of the plant, and the sap 
descends no ftlrther, and in no greater quantity than is required to 
nourish the several organs. Therefore, though the sap rises and 
descends in the plant, it does not appear to undergo a real circula- 
tion. 

The last of the orgariis of plants, is tie Jfoircr, or blossom, which 

driven out, and runs into the cavity, and finally into the reservoir. 
Tar if a mixture of resin, empyreumatic oily charcoal, and <xcetic acid, 
llie color is derived from the charcoal. Pitch is made by boiling 
tar, by which its more vdlatile parts are driven off. — C. 

1280. On what are the durability 6f eecbr, sandal, and all aromatic 
woods depending ? 
1231. On what is the durability of oak depending? 
J1282. Of what is tar said in the note to consist f 

1283. At what time in the year does the sap circulate with most en- 
'erffv? 

1284. Why will Sap flow more plentifuNy from the bark than from 
the wood ? 

1285. What is the uHlmate-purpoie of natu^ in the vegetable cnik 
'tion ? 
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prodaoes ihefndts and seed. These may be considered as the ulti- 
mate purpose of nature in the vegetable creation. From &uits and 
seeds animals derive both a plentiful source of immediate nourish- 
ment, and an ample provision for the re-production of the same 
means of subsistence. 

The seed which forms the final products of mature plants, we 
have already examined, as constituting the first rudiments of future 
vegetation. 

These are the principal organs of vegetation, by means of which . 
the several chemical processes which are carried on during the life 
of the plant are performed. 

Emily. But how are the several principles which enter into the 
composition of vegetables, so combined by the organs of the plant, 
as to be converted into vegetable matter ? 

Mrs. B. By chemical processes, no doubt ; but the apparatus in 
which they are performed,, is so extremely minute as completely to 
elude our examination. We can form an opinion, therefore, only 
by the result of these operations. 

The sap is evidently composed of water, absorbed by the roots 
and holding in solution the various principles which it derives from 
the soil. From the roots the sap ascends through the tubes of the 
alburnum into the stem, and thence branches out to every extrem- 
ity 'of the jplant. Together with the sap circulates a certain quan- 
tity of carbonic acid, which is gradually disengaged from the former 
by the internal heat of the plant. 

Caroline. What ! have vegetables a peculiar heat, analogous to 
animal beat ' 

Mrs. B. It is a circumstance that has long been suspected ; but 
late experiments have decided beyond a doubt that vegetable heat 
is considerably above that of unorganized matter in winter, and be- 
low it in summer. The wood of a tree in its interior, is about sixty 
degrees when the thermometer is at seventy or eighty degrees in 
the air. And the bark, though so much exposed, is seldom below 
forty in winter. 

It is from the sap after it has been elaborated by the leaves, that 
vegetables derive their nourishment; in its progress through the 
plant from the leaves to the roots, it deposits in the several sets of 
vessels with which it communicates, the materials on which the 
growth and nourishment of each plant depends. It is thus that the 
various peculiar, juices, saccharine, oDy, mucous, acid, and -color- 
ing, are formed ; as also the more soUd parts, feoula, woody-fibre, 
tannin, resins, concrete salts ; in a word alTthe immediate materials 
of vegetables, as well as the organized parts of plants, which latter, 
besides the power of secreting these from the sap, for the general 
pur|>ose of the plant, have also that of applying them to their own 
particular nourishment. 
• Emily. But why shoold the process of vegetation take place only 

1286. How are the several principles which enter into the compo- 
■ition of vegetables so combined by the organs of the plant as to be 
converted into vegetable matter ? 

1287. How does the temperature of vegetables compare with that of 
anorffanized matter ? 

1288. How are the several pieces as well as more solid parts of veg- 
etables formed r 
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at one season of the year, whilst a total inaction prerails during the 
other ? 

Mrs. B. Heat is sach an important chemical agent, that Its ef- 
fect as such, might perhaps, alone, account for the impulse which 
the Spring gives to vegetation. But, in order to explain the me- 
chanism of that operation, it has been supposed that the warmth of. 
Spring dilates the vessels of plants, and produces a kind of vacuum, 
into which the sap (which had remained in a state of inaction in the 
trunk during the winter) rises ; this is followed by the ascent of the 
sap contained in the roots, and room is thus made for fresh sap, 
which the roots in their turn pump op from the soil. This process 
goes on till the plant blossoms and bears fruit, which terminates its 
summer career ; but when the cold weather sets in, the fibres and 
vessels contract, the leaves either, and are no longer able to per- 
form their ofiice of transpiration ; and as this secretion stops, the « 
roots cease to absorb sap from the soil. If the plant be an annual, 
its life then terminates ; if not, it remains in a state of torpid inac- 
tion duringnhe winter, or the only internal motion that takes place 
IS that of a small quantity of resinous juice, which slowly rises from 
the stem into the branches, and enlarges their buds during the win- 
ter. 

Caroline. Yet, in evergreens vegetation must continue through- 
out the year. 

Mrs. B. Yes ; but in winter it goes on in a very imiperfeet man- 
ner, compared to the vegetation of spring and summer. 

We have dwelt much longer on the history of vegetable^ ehemis- 
try than I had intended ; but we have at length, I think, brought 
the subject to a conclusion. 

Caroline. I rather wonder that you did not reserve the account 
of the fermentations for the conclusion ; for the decomposition of 
vegetables naturally follows their death, and can hardly, it seems, 
be introduced with so much propriety at any other period. 

Mrs. B. It is difficult to determine at what point precisely it may 
be most eligible to enter on the history of vegetation ; every part of 
the subject is so closely connected, and forms such an uninterrupted 
chain, that it is by no means easy to divide it. Had I begun with 
the germination of the seed, which, at first view, seems to be the 
most proper arrangement, I could not have explained the nature and 
fermentation of the seed, or have described the changes which ma- 
nure must undergo, in order to yield the vegetable elements. Tc 
understand the nature of germination, it is necessary, I think, pre- 
viously to decompose the parent plant, in order to become acquaint- 
^ ed with the materials required for that purpose. I hope, therefore, 
' that, upon second consideration, you will find that the order which 
I have adopted, though apparently less correct, is, in fact, the best 
calculated for the elucidation of the subject. 

1289. Why should the process of vegetation take pbce only in warm 
weather? 

1290. What is the condition of vegetables called evergreens, in the 
season of winter ? 

J 291. Why was not the fermentation of vegetables reserved for the 
concluding part of what is a&id on this subject ? 



Digitized 



by Google 



^COMPOSITION OF AKTMALS. 2b7 

CONVERSATION XXIII. 

t>N THE COMPOSITION OF ANIMALS. 

Mri, B. We have now «ome to the last branch of chemistry, 
which comprehends the most complicated order of compound be- 
ings. This is the animal creation, the history of which, -cannot but 
excite the highest degree of curiosity and interest, though we often 
fail in attempting to explain the laws by which it is governed. 

Emily, But smce all animals ultimately derive their nourishment 
from vegetables, the chemistry of this order of beings must consist 
merely m the conversion of vegetable into animal matter. 

Mrs. B. Very true ; but the manner in which this is effected is, 
in a great measure, concealed from our observation. This process 
is called animalization, and is performed by peculiar organs. The 
difference of the animal and vegetable kingdoms does not j however, 
depend merely on a different arrangoment of combinations. A new 
principle abounds in the animal kingdom, which is but rarely and in 
very small quantities ^jund in vegetables ; this is nitrogen. There 
is likewise in animal substances a greater and more constant pro- 
portion of phosphoric acid, and other saline matters. But these 
are not essentisd to the formation of animal matter. 

Caroline. Animal compounds contain, then, four fundamental 
principles; oxygen, hydrogen, carbon, and nitrogen, 

Mrs. B. Yes ; and these form the immediate materials of ani- 
mals, which are gelatine, albumen, and fibrine.^ 

Emily. Are those all ? I am surprised that animals should be 
composed of fewer kinds of materials than vegetables : for thev 
appear much more complicated in their organization. 

Mrs. B. Their organization is certainly more perfect ana min- 
cate, and the ingredients that occasionally enter into their compo- 
fldtion are more numerous. But notvidthstanding the wondenul 
variety observable in the texture of the animal organs, we find Uiat 
the original compounds, from which aU the varieties of animal mat- 
ter are derived, may be reduced to the three beads just mentioned. 
Animal substances be&ng the most-oomplicated of all natural com- 
pounds, are most easily susceptible of decomposition, as the JBcale 
of attractions increases in proportion to the number of constituent 
principles. Their analysis is, however, both difficult and imper- 
fect ; for as they cannot be examined in their living state, and are 
liable to alteration immediately after death, it is probable that 
when submitted to the investigation of a chemist they are always 

• These mo the principal ingredients of the soft parts. But in 
addition to these, animal substances contain colortng matter, ef 
bloody mucotts, sulphur y phosphorus, earths, alkalies, oils, acids, resins, 
and HBeverai others which it is unnecessary to specify. — C. 

1292. What forms the subject of the 23d conversation ? 
}2d3. What is animalization ? 
12d4. What do animal compounds contain ? 
1296. What are the immediate materials of tmimrit? 
1296. On what tcconnt is the analysis of animal compoonds difficult 
and imperfect? 
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more or less altered in their combinations and properties, from what 
they were, whilst they made part of the living anmial. 

Emily, The mere diminution of temperature, which they experi- 
ence by the privation of animal heat, must, I should suppose, be suf- 
ficient to derange the order of attractions, that existed during life. 

^Mrs. B. That is one of the causes, no doubt ; but there are man> 
other circumstances which prevent us from studying the nature of 
living animal substances. We niust, therefore, in a considerable 
degree, confine our r^earches to the phenomena of these compounds 
in their inanimate state. 

These three kinds of animal matter, gelatine, albumen, and 
fibrine, form the basis of all the various parts of the animal system ; 
either solid, as the skin,'Jlefh, nerves j membranes, cartilages, and 
bones; or fluid, blood, chyle, milk, mucous, the gastric and pancreatic 
juices, bile, perspiration, saliva, tears, &c. 

Caroline. Is it not surprising that so great a variety of«uh8tances, 
and so different in their nature, should yet all arise from so few mst- 
terials, and from the same original elements ? 

Mrs. B. The difference in the nature of various bodies depends, 
as I have oflen observed to you, rather on their state of combination, 
than on the materials of which they are composed. Thus, in con- 
sidering the chemical nature of the creation in a general point of 
view, we observe that it is throughout composed of a very small 
number of elements. But when we divide it into the three king- 
doms, we find that, in the mineral, the combiQationa..seem to resiut 
from the union of the elements usually brought together ; whilst in 
the vegetable and animal kingdoms, the attractions are peculiarly 
and regularly produced by appropriate organs, whose action de- 
pends on the vital principle. Ana we may further observe, that 
by means of certain spontaneous changes and decompositions, the 
elements of one kind of matter become subservient to the repro- 
duction of another : so that the three kingdoms are intimately con- 
nected, and constantly contributing to the preservation of each 
other. 

EmiUy. There is, however, one very considerable class of ele- 
ments, which seem to be confined to the mineral kingdom. I meai; 
metals. 

Mrs. B. Not entirely ; they are found, though in very minute 
quantities, both in the animal and vegetable kingdoms. A small 
portion of earths and sulphur enters also into the composition of 
organized bodies. Phosphorus, however, is almost entirely-confined 
to the animal kin^doiiy and nitrogen, with but few exceptions, is 
extremely scarce m vegetables. 

Let us now proceed to examine the nature of the three principal 
materials of the animal system. 

Gelatine or jellt/, is the chief ingredient of skin, and of all the 
membranous parts of animals. It may be obtained from these sub- 
stancesj by means of boiling water, under the forms of glue, size, 
isinglass and transparent jeUy. 

1297. On what does the difference of nature in various bodies chiefly 
depend ? 

1298. What is gelatine or jelly ? 

1299. From what is it obtained .-* 

1300. Dnder what forms does it exist when obtained ' 
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CaroUne. But these are of a very different nature; they cannot, 
therefore, be all pure gelatine. 

Mrs. B, Not entirely, but very nearly so. Glue* is extracted 
from the skin of animals. Size is obtained either from skin, in its 
natural state, or from leather. Isinglass is gelatine procured firOhi 
a particular species of fish ; it is, you know, of this substance that 
the finest jelly is made, and this is done by merely dissolvinff the 
isinglass in boiling water, and allowing the solution to CotigeaT. 

Smily. The wme, lemon, and spices, are, I suppose, added only 
to flavor the jelly. . 

Mrs, B. Exactiiy so. 

Caroline, But jelly is often made of hartshorn shavings, and of 
calves' feet ; do these substances contain gelatine ? 

Mrs, B, Yes. Gelatine may be obtained from almost any ani- 
mal substance, as it enters more or less into the composition of all 
of them. The process for obtaining it is extremely simple, as it 
consists merely in boiling the substance which contains it with wa- 
ter. — The gelatine dissolves in waler^ and may be obtained of any 
degree of consistence or strength, by evaporating this solution. 
Bones in particular produce it very plentifully, as they consist of 
phosphat of lime, combined or cemented by gdatind. HornS, iH^lilch 
are a species of bone, will yield abtmdance of gelatine. The horns 
of the hart are reckoned to produce gelatine of the finest quality ; 
they are reduced to the state of shavings, in order that the jelly may 
be more easily extracted by the waters. It is of hartshorn shavings 
that the jelUes for invalids are usually made, as they are of very 
easy digestion; 

Carmne, It appears singular that hartshoin, which yields fiuch 
a powerful ingredient as ammoma, should at the same tune produce 
60 mild and insipid a substance a» jelly ? 

Mrs, B. And {what is^more surprising) it is from the gelatine 
of bones that ammonia is produced. You must observe, however, 
that the processes, by which these two substances are obtained from 
bones,, are very different.- By the simple action of water and heat, 
the gelatine is separated ; but in order to procure the ammonia, or 
what is commonly called hartshorn, the bones must be distilled, hf 
which means the gelatine is decomposed, and hydrogen and nitro- 
gen combined in the form of ammonia. So that the first operation 
IS a mere separation of ingredients, whilst the second requires a 
chemical decomposition. 

Caroline. But when jelly is made from hartshorn shavings, what 
becomes of the phosphat of lime which constitutes the other part of 
bones ? 



_ * Bones, muscles, tfendons, ligaments, membranes, and skins, all 
• of them yield glue. But the best is made from the skin of old ani- 
mals. — C.. 

1301. From wha,t is the best glue extracted f 

1302. From what is isinglass obtained? 

1303. What is the process of obtaining gelatine ? 

1304. Prom what is the best gelatine obtained«?^ 

1305. From what is ammonia produced ? 

25* 
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Mrs. B. It is easily sieparated by strainin?. But the jelly Is afV^v 
wards more perfectly purified, and rendered tran8j)arent, by adding 
whites of eggs, which being coagulated by heat, rises to the surface 
adong with any impurities. 

iSnily. I wonder that bones are not used by the^ common people 
to make jelly ; a great deal of wholesome nourishment might, 1 
should suppose, be procured from them, though the jelly would per* 
haps not be Quite so good as if prepared from hartshorn shavings. 

mrs^ B. There is a prejudice among the poor against a species 
of food that is usually thrown to the dogs ; and as we cannot expect 
them to enter into chemical considerations, it is in some degree ex- 
cusable. Besides, it requires a prodigious quantity of ftiel to dis-« 
solve bones and obtain the gelatine from them. 

The solution of bones in water is greatly promoted by an accu • 
mulation of heat. This may be efiected by means of an extremely 
strong metallic vessel, called Papin^s digester, in which the bone* 
and water are enclosed, without any possibility of the steam making 
its escape. A heat can thus be applied much superior to that of 
boiling water ; and bones, by this means, are completely reduced 
to a pulp. But the process still consumes too much fuel to be gen^ 
erally adopted among the lower classes. 

Caroline. And why should not a manufacture be established for 
grinding or macerating bones, or at least for reducing them to the 
state of shavings, when, I suppose, they would dissolve as readily 
as hartshorn shavings ? 

Mrs. B. They could not be collected clean for such a purpose ; 
but they are not lost, as they are used for making hartshorn, and 
sal. ammoniac ; and such is the superior science and industry of 
this country, that we no\y send sal. ammoniac to the Levant, though, 
it originally came to us from Egypt. 

Emily. When jelly is made of isinglass, does it leave no sedi-^ 
ment ? 

Mrs. B. No : nor does it so much as require clarifying, as it con* 
sists almost entirely of pure gelatine, and any foreign matter that is 
mixed with it, is thrown off during the boiling in the form of scum. 
These are processes which you. may see performed in great perfec-- 
tion in the culinary laboratory, by that very able and most useful: 
chemist, the cook. 

Caroline. To what an immense variety of purposes chemistry ia 
subservient ! 

Emily. It appears, in that respect,- to have an advantage over- 
most other arts and sciences ; for these very often have a tendency 
to confine the imagination to their own particular object ; whilst the 
pursuit of chemistry is so extensive and diversified, that it inspires 
" a general curiosity and a desire of inquiring into the nature of every 
object. 

Caroline. I suppose that soup is likewise composed of gelatine ; 
for when cold, it often assumes the consistence of jelly. 

Mrs. B. Not entirely; for though soups generally contain a. 

1306. What becomes of the pliosphat of lime when jelly is made from- 
the shavings of hartshorn? 

1307. What obstacle is there to converting bones into gelatine foi 
food? 

1308. For what may bones be advantageously used? 
13Q9. Of what are soups composed.'' 
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quantity of the gelatine, the most essential ingredient is a mucus, or 
extractive matter, a peculiar animal substance, very soluble in Wa- 
ter, which has a strong taste, and is more nourishing than gelatine. 
The various kinds of portable soup consists of this extractive mafr* 
ter in a dry state, which, in order to be made into soup, required 
only to be dissolved in water. 

. Gelatine, in its solid state, is a semiductile, transparent sub- 
stance, without either taste or smell. When exposed to heat, m 
contact with air and water, it first swells, then fuses, and finally 
bums. You may have seen the first part of this operation perform- 
edjai the carpenter's glue-pot. 

Caroline. But you said that gelatine had no smell, and glue has 
a very disagreeable one. 

Mrs. B. Glue is not pure gelatine : as it is not desigiied for eat- 
ing, it is prepared without attending to the state of the ingredients, 
which are more or less contaminated by particles that have be- 
come putrid. 

Gelatine may be precipitated from its solutions in water by al- 
cohol. — We shall try this experiment with a glass of warm jelly. — 
You see that the gelatine subsides by the union of the alcohol and 
the water. 

Emily. How is it, then, that jelly is flavored with wine, without 
prodacmff any precipitation ? 

Mrs. B. Because the alcohol contained in the wine is already 
combined with water and other ingredients, and is, therefore, not 
at liberty to act upon the jelly as when in its separate state. Gela- 
tine is soluble both in acids and in alkalies ; the former, you know, 
are frequently used to season jellies. 

Caroline. Among the combinations of gelatine we must not foy- 
get one which you formerly mentioned ; that with tannin, to form 
leather. 

Mrs. B. True ; but you must observe that leather can be pro* 
duced only by gelatine in a membranous state ; for though pure 
gelatine and tannin will produce a substance chemically similar to 
leather, yet the texture of the skin is requisite to make it answer 
the useful purposes of that substance. 

The next animal substance we are to examine is albumen : this, 
although constituting a part of most of the animal compounds, is« 
" frequently found insulated in the animal system ; the whites of 
eggs, for instance, consists almost entirely of albumen : the sub- 
stance that composes the nerves, the serum,, or white part of the 
blood, and the curds of milk, are little else than albumen various- 
ly modified. 

In its most simple state, albumen appears in the form of a . trans- 
parent, viscous fluid, possessed of no aistinct taste or smell ; it co- 
agulates at the low temperature of 165 degrees ; and when once^ 
solidified, it will never return to its fluid state. 

Sulphuric acid and alcohol are each of them capable of coagu 

1310. Howr does common glue differ from gelatine ? 

1311. What effect will alcohol have on gelatine in water? 

1318. Why will not wine, which contains a portion of alcohol, pro» 
ducc precipitation whea put into jelly ? 
1313. What is albumen ? 
i314. At what temperature will it coagulate ^ 
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lating albumen in the same manner as beat, as I am going to sLi^w 
you. 

Emily, Exactly so. — ^Pray, Mrs. B., what kind of action is there 
between albumen and silver ? I have sometimes observed, that if 
the spoon with which I eat an egg happens to be wetted, it becomes 
tarnished. 

Mrs, B, It is because the white of an egg (and, indeed, albn* 
men in general) contains a little sulphur, which, at the tempera- 
ture of an egg just boiled, will decompose the drop of water that 
wets fhe spoon, and produce sulphuretted hydrogen gas, which has 
the property of tarnishing silver. 

We may now proceed to fibrine^ This is an insipid and inodorous 
substance, having somewhat the appearance of fine white threads 
adhering to^^ether ; it is the essential constituent of muscles, or 
flesh, in which it is mixed with and softened by gelatine. It is in- 
soluble both in water and alcohol, but sulphuric acid converts it 
into a substance very analogous to gelatine. 

These are the essential and general ingredients of animal mat- 
ter ; but there are other substances, which, though not peculiar to 
the animal system,, usually enter into its composition,, such as oils, 
acids, salts, &c. 

^mmdZ oil i& the chief constituent of fatp; it is eontauned in 
abundance in the cream of milk, whence it is obtained in the form 
of butter. 

Emily, Is animal oil the same in its composition as vegetable 
oils ? 

Mrs^ B, Not the same but very analogous. The chief differ- 
ence is that animal oil contains nitrogen, a principle which seldom, 
enters into Uie composition of vegetable oils, but never in so large 
a proportion. 

There are few animal acids, that is to say, acids peculiar to an£ 
mal matter, from which they are almost exclusively obtained. 

The animal acids have triple bases of hydrogen, carbon, and ni- 
trogen : some of them are found native in animal matter ;. others . 
areprodueed during its decomposition. 

Those which we find ready formed, are, — 

The hombic acid, which is obtained from silk-worms. 

The formic acid, from ants. 

The lactic acid, from the whey of milk- 

The sebadc J from oil or fat. 

Those produced during the decomposition of animal substances 
by heat, are the prussic and zoonk acids. This last is produced by 
the roasting of meat, and gives it a brisk flavor. 

. Caroline, The class of animal acids is not very extensive ^ 

Mrs. B. No ; nor are they, generally speaking, of great impor- 
I ■ • - 

1315. Why is silver tarnished by the white of an egg .' 

1316. Whatisfibrine? 

1317. What is the difference between vegetable and animal oil ? 

1318. What are tlie bases of animal acids f 

1319. What are the names of those found in animal substances al- 
uaady formed ^ 

1SK20. What are those produced during the decomposition of ajiik 
wX substances? 
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tance. The prussic acid* I think the only one sufficiently interest- 
J3g to require any further comment. It can be formed by an arti- 
ficial process without the presence of any animal matter ; it may 
likewise be obtained from a variety of vegetables, particularly those 
of the narcotic kind, such as poppies, laurel, &c. But it is common- 
ly obtained from blood, by strongly heating that substance with 
caustic potash ; the alkali attracts the acid from the Mood, and forms 
with it a pmssiat of potash. From this state of combination the 
prussic acid can be obtained pure by means of other substances 
which have the power of separating it from the alkali. 

Emdly. But if this acid does not exist ready formed in blood, how 
can the alkali attract it from thence ? 

Mrs, B. It is the triple basis only of this acid that exists in the 
blood ; and this is developed and brought to the state of acid, during 
the combustion. The acid, therefore, is first formed, and it after- 
wards combines with the potash, 

Emily. Now I comprehend it. But how can the prussic a^id be 
artificially made ? 

Mrs. n. By passing- ammoniacal gas over red hot charcoal ; and 
hence we learn that the constituents of this acid are hydrogen, ni- 
trogen, and carbon. The two first are*derived from the volatile 
alkali, the last from the combustion of the charcoal. f 

Caroline. But this does not accord with the system of oxygen be- 
ing the principle of acidity. 

Emily. The coloring matter of Prussian blue is called an acid, 
because it unites with alkalies and metals, and not from any other 

* Prussic acid can be obtained from Prussian blue (prussiat of 
iron) by the following process. Take 4 ounces of Prussian blue, 
pulverize it finely, and mix with it 2 and a half ounces of red oxide 
of mercury {red precipitate) boil the mixture with 12 ounces of wa- 
ter in a glass vessel, frequently stirring it with a stick. Filter the 
solution, which is a prussiat of mercury, and is formed by the trans- 
fer of the prussic acid, from the iron to the mercury. Put this solu- 
tion into a retort, and add to it two ounces of clean iron filings and 
8ix> drachms of sulphuric acid, and distil off two and a half ounces of 
prussic add. This process requires a good apparatus, and ought not 
to be undertaken by any one who has not a knowledge of practical 
chemistry. The fumes during the distillation ought carefully to be 
avoided as poisonous. Prussic acid has of late been much used in 
medicine, as a remedy, in consumption, hooping cough, &c.-»C. 

f The basis of prussic acid, has of late years, been ascertained 
by M. Gray-Lussac, to be a combination of azote and carbon, which 
he has caUed cyanogen. This compound, when combined with hy- 
drogen, forms prussic acid, or as it is now called, hydro-cyanic add. 
Pure cyanogen, in the state of gas, may be obtained from prussiat 
of mercury oy distillation. • 

1321. How is prussic acid obtained? 

1322. How is It mentioned in the note thdt prussic acid can be obtained 
from Prussian blue f 

1323. Does this acid exist already formed in the blood ? 

1324. How is it ascertained that the constituents of prussic acid are 
hydrogen, and nitrogen, and carbon ? 
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characteristic properties of acids ; perhaps the name is not strictly 
impropriate. JBut this circumstance, together with some others of 
the sam'e kind, has induced several chemists to think that oxygen 
may not be the exclusive generator of acids. Sir H. Davy, I have 
ahready informed you, viras led by his experiments on dir acids to 
suspect that water might be essential to acidity. Ana it is the 
opinion of some chemists that acidity may possibly depend rather 
on the arrangement than on the presence of any particular princi- 
ples. But we have not yet done with the prussic acid. It has a 
strong affinity for metallic oxyds, and precipitates the solutions of 
kon in acidfc of a blue color. This is the Prussian blue, or prussiat . 
of iron, so much used in the arts, and with which I think you must 
be acquainted. 

Eauty, Yes, I am ; it is much used in painting, both in <h1 and in 
water colors ; but it is not reckoned a permanent oil color. 

Mrs, B. That defect arises, I believe, in general, fronrits being 
badly prepared, which is the case when the iron is not so fully oxy- 
dated as to form a red oxyd. For a solution of green oxyd of iron 
(in which the metal is more slightly oxydated) makes only a pale 
green, or even a white precipitate, with prussiat of potash ; and this 
gradually changes to blue by being exposed to the air, as I can im- 
mediately show you. 

Caroline, It already begins to assume a pale blue color. But 
how does the air produce this change ? 

Mrs, B. By oxydating the iron more perfectly. If we pour some 
nitrous acid on it, the blue color will be immediately produced, as 
the acid will yield its oxygen to the precipitate, and mlly sat orate 
it with this principle, as you shall see. 

Caroline. It is very curious to see a color change so instantane- 
ously. 

Mrs. B. Hence you perceive that Prussian blue cannot be a peiv 
manent color, unless prepared with red oxyd of iron, since by ex- 
posure to the atmosphere it gradually darkens, and in a short time 
IS no longer in harmony with the other colors of the painting. 

Caroline. But it can never become darker by exposure to the 
atmosphere, than the true Prussian blue, in which the oxyd is pei^ 
fectlv saturated. 

Mrs. B. Certainly not. But in painting, the artist, not reckon- 
ing upon partial alterations in his colors, gives his blue tints that 
particular shade which harmonizes with the rest of the picture. If, 
afterwards, those tints become darker, the harmony of the coloring 
must^necessarily be destroyed. 

Caroline. Pray of what nature is the paint, called carmine f 

Mrs. B. It is an animal color, prepared from cochineal, an insect, 
the infusion of which produces a veir beautiM red.* 

Caroline. While we are on the subject of colors, I should like to 
know what ivory black is ? 

* Carmme is obtained by precipitating the coloring matter firom 
an infusion of the insect by means of a solution of tin. — C. 

X385. To what opinion was Sir H. Davy led respecting acidity ? 
1306. Why is not Prussian blue a permanent oil color r 

1327. In what way may Prussian blue be made a permanent color ' 

1328. From what is carmine prepared ? 
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Mrs,. B. It is a carboDaceous substance obtained by the combus- 
rion of vfory, A more common species of black is obtained from 
the burning of bone. 

CaroUne. But during the combustion of ivory or bone, the car- 
oon, I should have imas^ed, must be converted into carbonic acid 
gas, instead of this black substance ? 

Mrs. Bj In this and in most combustions, a considerable part of 
the carbon is simply volatilized by the heat, and again obtained 
concrete on cooling. This color, therefore, may be called the soot 
produced by the burning of ivory or bone. 



eONVERSATION XXIV. 

ON THE ▲IVIMAL ECONOMY. 

Mrs. B. We have now acquired some idea of the various mate- 
rials v^rhich compose the animal system ; but if you are curious to 
knovir in what manner these substances are formed by the animal 
organs from vegetable, as well as from animal substances, it wiQ be 
necessary to have some previous knowledge of the nature and func- 
tions of these organs, without which it is impossible to form any 
distinct idea of the process of cmimalization and nutrition. 

Caroline. I do not exactly understand the meaning of the word 
animalization. 

Mrs. B. Animalization is the process by which the food is assimi- 
lated, t{iat is to say, converted into animal matter ; and nutrition is 
that by which the food thus assimilated is rendered subservient to 
the purposes of nourishing and maintaining the animal system. . 

mrnly. This, I am sure, must be the most interesting of all the 
branches of chemistry ? 

Caroline. So I think ; particularly as I expect that we shall hear 
something of the nature of respiration, and of the circulation of the 
blood? 

Mrs. B. These functions undoubtedly occupy a most important 
place Jn the history of the animal economy. But I must previously 
give you a very short account of the principal organs by which the 
various operations of the animal system are performed. These are : 
The Bones, 
Muscles, 
Blood vessels, 
Lymphatic vessels, 
Glands, and 
Nerves. , 

The hones are the most solid part of the animal frame, and in a 
great measure determine its form and dimensions. You recollect, I 
suppose, what are the ingredients which enter into their composition. 

13^. How is ivory black made ) 

1330. What is the subject of the 24th Conversation ? 

1331. What is nutrition ? 

1332. What are the principal organs by which the various operationf 
of the animal system are performed ? 
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Cmvlme, Tea; phosphat of lime cemented by gelatine, 

Mrs, B, Daring the earliest period of animal life, they consist 
almost entirely of gelatinous membrane, having the form of the 
bones, but of a loose spongy texture, the cells or cavities of which 
are destined to be filled with phosphat of lime ; it is the gradual 
acquisition of this salt which gives to the bones their subsequent 
hardness and durability. Infants first receive it from their mother^s 
milk, and Afterwards derive it from all animal and from most vege- 
table food, especially farinaceous substances, such as wheat fiour, 
which contains it in sensible quantities. A portion of the phosphat, 
after the bones of the infant have been sufficiently expanded and 
solidified, is deposited in the teeth, which consist at first only of a 
gelatinous membrane, or case, fitted for the reception of this salt; 
and which, after acquiring hardness within the gum, gradually pro- 
trudes from it. 

Caroline. How very curious this is ; and how ingeniously nature 
has provided for the solidification of such bones as are immediately 
wanted, and afterwards to the formation of the teeth, which would 
not only be useless, but detrimental in infancy. 

Mrs, B. In quadrupeds, the phosphat of lime is deposited like- 
wise in their horns, and the hair or wool with which they are g^en- 
erally clothed. 

In birds it serves also to harden the beaks and the quills of their* 
feathers. 

When animals are arrived to a state of maturity, and their bones 
have acquired a sufficient degree of solidity, the phosphat of lime 
which is taken with the food is seldom assimilated, excepting when 
the female nourishes her young ; it is then all secreted into the 
milk, as a provision for the tender bones of the nursling. 

Ermhy. So that whatever becomes superfluous in one being, is 
immediately wanted by another ; and the child acquires 'strength 
precisely by the species of nourishment which is no longer necessa- 
ry to the mother. Nature is indeed an admirable economist ! 

Caroline. Pray, Mrs. B., does not the disease in the bones of 
children, called the rickets, proceed from a deficiency of phosphat 
of lime? 

Mts. B. I have heard that this disease may arise from two caus- 
es ; it is sometimes occasioned by the growth of the muscles being 
too rapid in proportion to that of the bones. In tjiis case the weight 
of the flesh is greater than the bones can support, and presses upon 
them so as to produce a swelling of the joints, which is the great 
indication of the rickets. 

The other cause of this disorder is supposed to be an imperfect di< 

1333. What are the ingredients that enter into the composition of 
bones r 
' 1334. What ^ves to bones their hardness and durability ? 

1335. What is the state of hones in the early periods of animal life ? 

1336. Whence is the phosphat of Ume necessary in the formation of 
bones obtained ? 

1337. How are teeth formed ? 

1338. What gives the horns of quadrupeds and the beaks and quills 
of birds their hardness ? 

1339. When is the phosphat of lime assimilated in adult animals' 

1340. How is the disease called rickets occasioned ? 
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I^Mdoft and asiiiiiilstion of the food, attended with an exeess c^ add, 
which counteracts the formation of the phosphat of lime. In both 
ioAtances, therefore, eare should foe taken to alter the child^s diet, 
not merely by increau^g^ the qnan^ty of aliment eontaiaing phosphat 
of lime> but also by avoiding all food that is to turn «cid on the 
stomach, and to produce indiges^on. But die best preservati^ 
against complaints of this kind, is, no doubt, good nursing ; when 
» <^iild has ]^enty of air and exercise, the digestion and assimilation 
will be properly performed, no add will be produced to interrupt 
these function's, and the musdes and bones will grow together m 
jost proportions. 

dar€U7^e* X have often heard the rickets attributed to bad nurdng, 
but I never could have guessed what connexion Aere was between 
<exerdse and the formation of the bones. 

Mrs, B, Exercise is generally beneficial to all the animal fune- 
tions. If man is destined to labor for his subsistence, the bread 
which he earns is scarcely more essential to his health and preser^ 
vation than the exertions by which he obtains it. Those whom the 
gifts of fortune have {daoed above the necessity of bodily labor, 
are compelled to take exerdse in some mode or other, and when 
they cannot convert it into amusement, they must submit to it as a 
task, or their health will soon experience the effects of their indo- 
lence. 

Emify, That wiH never be my case ; for exercise, unless it be- 
comes fatigue, always gives me pleasure ; and so far from being a 
task, is to me a source of daily enjoyment. I often think what a 
blessing it is, that exercise, which is so conducive to health, should 
be so ddightful ; whilst fatigue, which is rather hurtful instead of 

Sleasure, occasions rather painful sensations. So that fatigue, no 
oubt, was intended to moderate bur bodily exertions, as satiety puts 
a limit to our appetites. 

Mrs. B, Certainly. — But let us npt deviate too fajr from our sub- 
ject. The bones are connected together by ligaments, which «on- 
mst of a white, thick fiexible substance, adhering to their extremir 
ties so far as to secure the joints firmly, though without impeding 
their motion^ And the jomts are, moreover, covered by a solid, 
smooth, elastic white sul^tance, called cartilage, the use of which 
is to allow, by its smoothness and elasticity, the bones to slide easi- 
ly over one another, so that the joints may perform their c^lce with- 
out difficulty or detriment. 

Over the bones the muscles we placed ; they consist of bundles of 
fibres, which terminate in a kind of string, or ligament, by whieh 
they are fostened to the bone& The muscles are the organs of mo- 
tion ; by their power of dilation and contractiofl, they put into ac- 
tion the bones which act as levers in aH motions of the body, aad 
form the sdid support of its various parts. The musdes are of va^ 
rioas degrees of strength or consistence, in difierent species <^ ani- 
mals. The mammiferous tribe, w those that suckle their young, 
4Beem, in this respect,^ to occupy an intermediate place between Imds^ 
«nd eold>>bloodea animal, such as reptiles and fishes. 

EmUy. The different degrees of firmness and solidity in the muB- 

1341. What precaution may be taken against this disease ? 

1342. How are the bones of an animal system confined together f 
134d. By what are the joints covered ? 

1344. By what are the organs of motion f 
36 
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des of these serenl species of animals, proceed, I imagine, from the 
difierent nature of the food on which they subsist. 

Mrs. B, No, that is not supposed to l>e the case; for the human 
q;>eoies, who are of the mammiferons tribe, lire on more substan- 
tial food than birds ; and yet the latter exceed them in muscuhir 
stren^ ; but let us now proceed in the exandnation of the aninud 
functions. 

The next class of organs is that of the vessels of the body, the of- 
fice of which is to conirey the yarioos fluids throughout the frame. 
These vessels are innumerable. The most conraderable of them are 
those through wliich the blood circulates, which are of two kinds; 
the arteries whidi convey it from the heart to the extremities of the 
body, and the veins which bring it back into the heart. 

Besides these, there are a numerous set of small transparent ve»- 
.sels, destined to absorb and convey different fluids into the blood ; 
they are generally called the absorbent or lymphatic vessels ; but it 
is to a portion of them only, that the function of conveying into the 
blood the fluid called lymph is assigned. 

Emily, Piay what is the nature of that fluid? 

Mrs, B. The nature and use of the lymph have, 1 believe, never 
been perfectly ascertained ; but it is supposed to consist of matter 
that has been previously animahzed, and which after answering the 
purpose for which it was intended, must*, in regular rotation, make 
way for the fresh supplies produced by nourishment. The lympha- 
tic vessels pump up this fluid from every .part of the system, and 
convey it into the veins to be mixed with the blood which tuns 
through them, and which^ commonly called venous blood. 

Caroline. But does it not again enter into the animal systeHi 
through that channel ? 

Mrs. B. Not entirely : for the venous blood does not return into 
the circulation until it has undergone a peculiar change, in which 
it throws off whatever is become useless. 

AnotSer set of absorbent vessels pump up the chjh from the 
stomach and intestines, and convey it, after many circumvolutions^ 
into the g^eat vein near the hea^;* 

Emiiiy. Ptay, what is chyle I . 

Mrs. B. It is the substance into which food is convert^ by di- 
gestion. 

Caroline. One set of the absorbent vessels, then, Sa employed iji 
bnncin^ away the old materials which ar^ no longer fit for use : 
whibt uie other set is busy in conveying into the blo^ the new ma- 
terials that are to replace them? 

* This is a mistake. The chyle is conveyed into the trunk of the 
absorbent system, called by anatomists the thoracic duct. This reus 
igk a serpentine direction alon^ the internal side of the back bone, ap 
to the subclavian vein, which lies under the collar bone. Into this 
vein the chyle is discharged, and mixes with the blood, and before 
it reaches the heart, it is converted into blood itself. — C. 

1345. For what purpose are the arteries ? 

1346. For what purpose are the veins ? - 

1347. For what purpose are lymphatic vessels ? ^ 

1348. What is chyle ? 
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Emify, What a great Tariety of ingredients must enter into the 
somposition of the blood. 

Mrs, B, You must observe that there is also a great variety of 
substances to be secreted from it. We may compare the blood to 
a general receptacle or storehouse for all kinds of commodities, 
wMch are afterwards fashioned, arranged, and disposed of, as cir- 
cumstanced require. 

There is another set of absorbeiFt vessels iu females, which is des- 
tined to secrete miik for the nourishment of the young. 

Emily. Pray, is not milk very analo^us in its composition to 
Uood ; for, ance tite nursling derives its nourishment from that 
source only, it must contain every principle which the animal sys- . 
tem requires. 

Mrs, B, Very true. Milk is (bund, by its analysis, to contain the 
principal materials of animal matter, albumen, oH, and phosphat«of 
kme ; «o that the suckiin? has but little trouble to digest and assim- 
ilate this nourishment. But we shall examine the composition of 
milk more fully afterwards* 

In many parts of the body, numbers of small vessels are collected 
together in little bundles called glands, from a latin word, meaning 
Mom, on account of the resemUance which some of them bear in 
shape to that fruit. The function of ihe glan^ is to secrete or sep- 
arate certain matters from the blood. 

The secretions aie tuot only mechanical, but chemical separations 
from the Mood ; for the sub^^ces thus formed, though contained 
in the blood, are not ready combined in that fluid. The secretions 
are of two kinds ; those which form peculiar animal fluids, as bile, 
tears, saliva, &c. ; and those which produce the general materials 
of the animal system, for the purpose of recruiting and nourishing 
the several organs of the body ; such as albumen, gelatine, and 
fibrine ; the latter may be distinguished by the name of nutritive 
secretions, 

Caroline. I am quite astonished to hear that all the secretions 
skould be derived from the blood. 

Emily^ I thought that the bile was produced by the Uver. 

Mrs, B, So it is ; but the liver is nothing more than a ve^ targe 
gland which secretes the bile from the blood. 

The last of the animal organs which we have mentioned are the 
nerves; these are the vehicles of sensation, every other part of the 
body beings of itself, totally insensible. 

QxroUne, They must,4hen, be spread trough every ps^ of the 
frame, for we are every where very susceptiUe of feemig. 

Emily, Excepting the nails and the hair. 

Mrs. B, And those are almost the only parts in wfaidi nervev 
cannot be discovered. The common source of all the nerves is the 
brain ; thence they descend, some of them through different aper- 
tures in the skull, but the greatest part through the back bone, and 
extend themselves by innumerable ramifications throughout the 

1349. To what may blood be compared ? 

1350. Of what does milk consist ? 

1351 . From what do the glands derive their name ? " 

1352. What is their use? 

1353. How many kinds pf secretions are there, and what are they 

1354. What are the hecres ? * 

" 13^. What is t^ comnpion seame of the nerves ? 
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wbole bo^y. They wpteeA theniaelTes arei tke mittdM, peneCAte 
the glands, wind round the yascolar system, aad eren pieree mto 
the interior of the bones. It is Bioet probable through them Ihat 
the oommnmoation is carried on between the mind and the othei 
perts of the body ; bat in what manner they are acted on by the 
mind, and made to re-act on the body, is still a profound secret* 
Many hypotheses hare been formed on this very obscure sobjeet, 
bat they are all equally improbable, and it would be useless for us 
to waste otir time m conjectures on an inquiry, whkh. in all proba- 
Inlity is beyond the reach of human capacity. 

Caroline, But you haye not mentioned these particular nerres 
that form the senses of hearing, seeing, smelling, and tasting ? 

Mrs, B, They are consider^ as being of the same nature as those 
which are dispersed o?er every part of the body and constitute the 
ffCMsral sense of feeling. The different sensations which they pro- 
duce, arise from their peculiar situation and connexion with the 
several organs of taste, ^mell, and hearing. 

Endhf, But these senses appear totally different from that of feel- 
ing. 

Mrs, B. They are all of them sensations, but yariously modified 
according to the nature of' the different organs in which the nerves 
are situated. For, as we have formerly otMerved, it is by contact 
only that the nerves are affected. Thus odoriferous particles must 
strike upon the nerves of the nose, in order to ex<»te the sense of 
smelling ; in the same manner that taste is produced by the partic- 
ular substance comin? in contact with the nerves of the tongue. 
It is thus, also, that the sensation of sound is produced by the con- 
ousaion of the air striking against the auditory nerve ; and sight is 
the effect of the light falBng upon the optic nerve. These various 
senses, therefore, are afiected only by the actual contact of the par- 
ticles of matter in the same manner as that of feeling. 

The different organs of the animal body, though easily separated, 
and perfectly distinct, are loosely connected together by a kind of 
spoT)gy substance, in texture somewhat resembUng net-work, called 
the cellular membrane ; and the whole is covered by the skin. 

The shin^ as well as the bark of vegetables,, is formed of three 
ooats. The external one is called the cutide or epidermis; the sec- 
ond, which is called the mucous membrane^ is of a thin, soft texture, 
and consists of a mucous substance, which in negroes is black, and 
is the cause of their skin appearing of that color. 

Caroline. Is then the external skin of negroes white like ours ? 

Mrs, B, Yes ; but as the cuticle is transparent, as well as porous, 
the blackness of the mucous membrane is visible through it. The 
«xtoemities of the nerves axe spread over this skin, so that the sen- 
sation of feelmg is transmitted through the cuticle. The interna) 
covering of the muscles, which is properly the skin, is the thickest 

1356. How ire the nerves made subservient to the purposes of hear- 
ing, seeing, smelling, and tasting ? 

1357. By what are the different parts of the animal body connected 
together? 

135^. Of how many coatfi is the skin formed, and what are they 
ealled? 

1359. When is the color of the skin ? 

1360. If the color is in the second coat^ why is i^ so easily seen ' 
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the tOQghest, and the most resisting of the whoie ; it is this mem- 
brane which is so easeiUial in ike arts, by toning leather when 
combined with tannin. 

The skin which covers the animal body, as well as those mem- 
branes that form the coats of the vessels, consists almost exclusiye- 
ly of gelatine ; and is capable of being converted intq glue, size, or 

The cavities between the mnsdes and the skin are usually filled 
with fat, which lodges in the cells of the membranous net before 
mentioned, and gives to ^e external form (especiaMy in 4ke human 
figure,) that roundness, smoothness, and softness, so essential to 
beaut}r. 

Ermy. And the skin itfeelf, is, I thinlc, a very ornamental part of 
the human frame, both §covbl the fineness of its texture, and the va- 
riety and delicacy of its tints, 

Mrs. B, This variety, and harmonious gradation of colors, pro- 
ceed, not 80 much from the skin itself, as n'om the internal organs 
which transmit their several colois through it, these tints being only 
softened and blended by the color of the skin, which is uniformly of 
a yellowish white. 

Thus modified, the darkness of the veins appears of a pale blue 
o(dor, and the fioridness of the arteries is changed to a delicate pink, 
in the most transparent parts, the skin exhibits the bloom of the 
rose, whilst, where it is more opaque, its own color predominates ; 
and at the joints, where the bones are most prominent, their white- 
ness is often discernible. In a word, every part of the human frame 
seems to contribute to its external ornament ; and this not merely by 
producing a pleasing variety of tints; but by a peculiar kind of beau- 
ty which belongs to each individual part. Thus it is to the solidity 
and arrangement of the bones that the human figure owes the gran- 
deur of its stature, and its firm and dignified deportment. The mus- 
cles delineate the form, and stamp it .with energy and grace, and 
the soft substance which is spread over them, smooths their rug- 
gedness, and gives to the contour the gentle undulations of the line 
of beauty. Every organ of sense is a peculiar and separate orna- 
ment; and the skin, which polishes the surface, and ^ves it that 
charm of coloring, so inimitable by art, finally conspires to render 
the whole the fairest work of the creation. 

But now that we have seen in what manner the animal frame is 
formed, let us observe how it provides for its support, and how the 
several org^ans, which form so complete a whole^ are nourished and 
maintained. 

This will lead us to a more particular explanation of the internal 
organs ; here we shall not meet with so much apparent beauty, be- 
cause these parts were not intended by nature to be exhibited to 
view ; but the beauty of design, in the internal organization of the 
animail frame, is, if possible, still more remarkable than that of the 
external parts. ' 

We shall defer this subject till our next interview. 

1361. Of what does the skin consist? 

1362. On what is the human complexion er color depending besides . 
the skin i 

26* 
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OK AHIMALItATIOlf, HVTmiTIOir, AKD RESPnULTIOlT. 

Mrs. B. We have now learnt oi what materials tbe animal aya- 
tem is oompoaed, and hare fonned apme idea of the nature ef ite or- 
ganization. In ord^ to complete tlie anbject, it remains lor us to 
examine in what manner it is nourished and supported. 

Vegetables, we have obeerred, obtain their nooridmient from va- 
rioos substances, either in their elementary state, or in a very sim- 
ple state of combination; as carbon, water, and salts, which they 
absorb from the atmosphere. 

Animals, on the contrary, feed on substances of the most compli- 
cated kind ; for they derive their sustenance, some £rom the animal 
creation, others from the vegetable kingdom, and some from both. 

CaroUne, And there is one species of animals, which, not satisfied 
with enjoying either kind of food in its simple state, has invented 
tbe art of combining them together in a thousand ways, and of ren- 
dering even the mineral kingdom subservient to its refinements. 

Emily, Nor is this all ; for our delicacies are collected from the 
various climates of the earth, so that the four quarters of the globe 
are ofVen obliged to contribute to the preparation of our simplest 
dishes. 

CaroUne. But the very complicated substances which constitate 
the nourishment of animals, do not; I suppose, enter into the system 
in their actual state of combination ? 

lirs. B. So far from it, that they not only undergo a new arrange- 
ment of their parts, but a selection is made of such as are most 
proper for the nourishment of the body, and those only enter into 
the system, and are animalised. 

Emily. And by what organs is this process performed ? 

Mrs. B. V Chiefly by the stomach, which is the organ of digestion, 
ajvi the prime regulator of the animal frame. 

, Digestion is the first step towards nutrition. It consists in redu- 
cing mto one homogeneous mass the various substances that are 
ti^en as nourishment ; it is performed by first' chewing and mixing 
the solid aliment with the saliva, which- reduces it to a soft mass, in 
which state it is conveyed into the stomach, where it is more com- 
pletely dissolved by the gastric juice. 

This fluid (which is secreted into the stomach by appropriate 
glands) is so powerful a solvent, that scarcely any substances will 
resist its action. 

Emily. Tbe coats of the stomach, however, cannot be attacked 
by it, otherwise we should be in danger of having them destroyed 
when the stomach >yas empty. 

1363. What is the subject of the 25th conversation ? 

1364. Do the substances which constitute tbe nourishmen of AninMiiEr 
enter into their system, in their actual state of combination 

1365. Where is the digestion performed ? 

1366. What is the first operation in digestion ? 

1367. What office is performed by the gastric juice : 
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Mrs,. B. The^r are probably not subject to its action ; as long, at 
least, as life continues. {But it appears, that when the gastric juice 
has no foreign substance to act upon, it is capable of occasioning a 
degree of hritation in the coats of the stomacn, which produces the 
sensation of hunger, ^The gastric juice, together with the heat and 
muscular action of the stomach, coverts the aliment into an uni- 
form, pulpy mass, called chymej This passes into the intestines, 
where it meets with the bile and some other fluids, by the agency of 
which, and by the operation^f other causes hitherto unknown, the 
chyme is changed into chyle) a much thinner substance, somewhat 
resembling milk, which is pumped by immense numbers of small 
absorbent vessels spread over the internal surface of the intestines. 
These, after many circumvolutions, gradually meet and unite into 
lar^e branches, till they at length collect the chyle into one vessel, 
which pours its contents into the great vein near the heart, by which 
means the food, thus prepared, enters into the circulation. 

Caroline. But I do not yet clearly understand how the blood 
thus formed, nourishes the body and supplies all the secretions ? 

Mrs, B. Before this can be explained to you, you must first allow 
me to complete the formation of the blood. The chyle may, indeed, 
be considered as forming the chief ingredient of blood : but this fluid 
is not perfect until it has passed through the lungs, and undergone 
(together with the blood that has already circulated) certain neces- 
sary changes that are effected by^EBPiRATiow. 

Caroline, I am very glad that you are Agoing to explain the na- 
ture of respiration : I have often longed to understand it ; for though 
we talk incessantly of breathings I never knew precisely what pur- 
pose it answered. 

Mrs. B. It is, indeed, one of the most interesting processes ima- 
ginable ; but in order to understand this function well, it will be 
necessary to enter into some previous explanation. Tell me, Em- 
ily, what do you understand by respiration ? 

Emily. Respiration, I conceive, consists simply in alternately 
irispiring2xr into the lungs, and expiring it from them. 

Mrs, B, Your answer will do very well as a general definition. 
But, in order to form a tolerably clear notion of the various phe- 
nomena of respiration, there are many circumstances to be taken 
into consideration. 

In the first place, there are two things to be distinguished in res- 
piration, the mechanical and the chemical part of the process. 

The mechanism qf breathing depends on the alternate expansions 
and contractions of the chest, in which the lungs are contained. 
When the chest dilates, the cavity is enlarged, and the air rushes in 
at the mouth, to fill up the vacuum formed by this dilation; when 
it contracts, the cavity is diminished and the air forced out again. 

1368. How is the sensation of hunger produced ^ 

1369. At what state of animalization is the aUment called chyme .* 

1370. Into what is it next changed ? 

137J . How does chyle differ from chyme ? 

1372. What forms the chief ingredient of blood .?~ 

1373. What is respiration ? 

1374. On what depends the mechanism of breathing ? 

1375. What takes place when the chest dilates } 

1376. What takes place when it contracts ^ 
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Oanbne. I thoviglit that it waa the limgs diat oontnctod aod &l- 
panded in breatbioff. 

Mrs. B. They do Ukewise ; bat their action ia only the oonse 
i|Qenoe o( diat of the cheat. The lonffs, together with the heart and 
iutgeti blood Teasels, in a manner M up the canity of the cheat ; 
they ooold not, therefore, dilate, if the cheat did not preYionaly ex- 
pand ; and, on die other hand, when the chest contracts, it com- 
piesaee the lungs, and forces the air out of them. 

Caroline, The lungs, then, are like bellows, and the chest is the 
power that works them. 

Fiff. 36. 

Mrs. B. Precisely so. Here is a curious Appw^ to lyurtnie the b*. 
little figure which wiU assist me in ex- cham-m of b«atiii«f . 
plaining the machanism of breathiug. 

Caroline. What a droll figure ! a little 
head fixed upon a glass bell, with a blad- 
der tied over the bottom of it. ^^ - 

Mrs. B. You must observe that there is ^^^ 
another bladder within the glass, the neck f 
of which communicates wim the mouth of 
the fiffure— 4his represents the lun^ con- 
tained within the chest ; the other bladder, 
which you see is tied loose, represents a 
muscular membrane, called the diaphragm^ 
which separates the chest from the lower 
part of the body. By the chest, there- 
fore, I mean that large cavity in the upper 
part of the body contained within the rios, 
the neck, and die diaphragm ; this mem- 
brane is muscular, and ca{mble of contrac- | 
tion and dilatation. The contraction may 
be imitated by drawing the bladder tight 
over the bottom of the receiver, as I can 
easily do by squeezdng it in my hand, when 
the air in the bladder, which represents 
the lungs WiU be forced out through the;^;^,'-,^^^B»)»'|«J3;; 

mouth of the figure. — representing the Diaphragm. 

Ernib/. See, Caroline, how it blows the flame of the candle in 
breathing! 

Mrs. S. By letting the bladder loose again, we imitate the dila- 
tation of the diaphragm, and the cavity of the chest being enlarged, 
the lungs expand, and the air rushes in to filT them^ 

Emily. This figure, I think, gives a very clear idea of the pro- 
cess of breathing. 

Mrs. B. It illustrates tolerablyVell, the action of the lungs and 
diaphragm ; but those are not the only powers concerned in the en- 
largement or diminution of the cavity of the chest ; the ribs axe also 
possessed of a muscular motion for the same purpose ; they are al- 
ternately drawn .in, edgeways, to assist the contraction, andstretch- 

1377. On what does the expansion and contraction oi the lunge de 
pend? 

1378. What part of the body is called the chest' 

1379. How would you explain figure 36 P 
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ed OQt, bice the hoops of a barrel, to contribute to the dHatkni of the 
chest. 

Emib/, I alwajTS supposed that the elevation and depression of 
the ribs were the consequence, not the caase, of breathing. 

Mrs.B, It is exactly the reverse. 'The muscular action of the 
diaphragm, together with that of the ribs, are the causes of the con- 
traction and expansion of the chest ; and the air rushing into, and 
being expelled nrom the lungs, are onJy con^^uenc^ of those actions. 

(Strohne, I confess that I thought the act of breathing began by 
opening the mouth for the air to rush in, and that it was Uie air 
alone, which, by alternately rushing in and out, occasioned the di^ 
lations and contractions of the lungs and chest. 

Mrs, B. Try the experiment of merely opening your mouth : 
the air will not rush in, till by an internal muscular action you pro* 
duce a vacuum — ^yes, just so, your diaph'^vgm is now dilated, and 
the ribs expanded. But you will not be able to keep them long in 
that situation. Your lungs and chest are already resuming uieir 
former state, and expelling the air with which they had just been 
filled. This mechanism goes on more or less rapidly ; but, in gen- 
eral, a person at rest and in health will breathe between fifteen and 
twenty-five times in a minute. 

We may now proceed to the chemical efifects of respiration ; but, 
for this purpose, it is necessary that you should previously have 
some notion of the circulation of the blood. Tell me, Caioline, 
what do you understand by the circulation of the blood ? 

Caroline, I am deUghted that you have come to this subject ; for 
it is one that has long excited my curiosity. But I cannot conceive 
how it is connected with respiration. The idea that I have of th^ 
circulation is, that the blood runs fi"om the heart through the veins 
all over the body, and back a?ain to the heart. 

Mrs, B, I could hardly have expected a better definition from 
you : it is, however, not quite correct ; for you do not distinguish 
the arteries from the veins, which, as we have already observed, 
are two distinct sets of vessels, each having its own pecular func- 
tions. The arteries convey the blood from the heart to the extre- 
mities of the body ; and the veins bring it back into the heart. 

This sketch will give you an idea of the manner in which some 
of the principal veins and arteries of the human body branch out of 
the heart, which may be considered as a common centre to Ijoth sets 
of vessels. - The heart is a kind of strong elastic bag, or muscular 
cavity, which possesses a power of dilating itself, for the purposes 
of alternately receiving and expelling the blood, unorder to carry 
on the process of circulation. 

EmUy, Why are the arteries in this drawing painted red, and the 
veins purple ? 

Mrs, B, It is to point out the difference of the color of the blood 
in these two sets of vessels. 

1380. What office do the ribs perform ? 

J 381. What causes the contraction and expansion of the chest? 

1382. How many times will a person, weu, and at rest, breathe in a 
ininute ? 

1383. In what manner is the circulation of blood carried on? 

1384. How is the heart described ? 
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QtroUne, But if it is the same Uood which flowiB firtnu^e vM* 
lies into the yeins, how can its color he changed ? 

Mrs. B. This change arises from yarioas circomstances. In the 
first place, during its passage through the arteries, the hlood onder^ 
goes a considerable alteration, some of its coiistituent parts being 
graduaUy separated from it for the purpose of nourishing the body, 
and of supplying the various secretions. In consequence of this, 
the florid arteriaa color of the blood changes by degrees to a deep 
purple, which is its constant color in the veins. On the other hand, 
the blood is recruited during its return through, the veins by the 
fresh chyle, or imperfect blood, which has been produced by food ; 
and it receives also lymph from the absorbent vessels, as we have 
before mentioned. Afier having undergone these several changes, 
the blood fetnms to the heart in a state very di^rent from that in 
which it left it. It is loaded with a greater proportion of hydrogen 
and carbon, and is no longer fit for the nourishment of the Body, or 
other purposes of circulation. 

Enaiu, And in this state does it mix in the heart with the pure 
florid blood which runs into the arteries ? 

Mrs, B. No. The heart is divided into two cavities, or compar- 
titions, called the right and left ventricles. The left ventricle is the 
receptacle for the pure arteriial blood, previous to its circulaticm ; 
whilst the venous, or impure blood, which returns to the heart afier 
having circulated, is received into the right ventricle, previous to 
its purification, which I shall presently explain. 

Caroline. I own that I always thought the same blood circulated 
again and again through the body, without undergoing any change. 
« Mrs. B. Yet you must have supposed that the blood circulated 
for some purpose. 

CaroUne. I knew that it was indispensable to life ; but had no 
idea of its real functions. 

Mrs. jBL But now that you understand that the blood conveys 
nourishnaent to every part of the body, and supplies the various se- 
cretions, you must be sensible that it cannot constantly answer 
these objects without being proportionally renovated and purified. 

Caroline. But does not the chyle answer this purpose ? 

Mrs. B. Only in part. It renovates the nutritive principles of 
the blood, but does not relieve it firom the superabundance of wa- 
ter and carbon with which it is encumbered.' 

Emily. How, then, is this effected ? 

Mrs, B. By Respiration. This is one of the grand mysteries 
which modern ohemistry has disclosed. When the venous blood en- 
ters the riffht ventricle of the heart, it contracts, hj its muscular 
power, and throws the blood through a large vessel mto the lungs, 
which are contiguous, and through which it circulates by millions of 

1385. How does the arterial difier from the venous hlood? 

1386. Does the venous Mood mix with the arterial in its retiin^ to 
the heart } 

1387. How is nourishment conveyed to different parts of the bo4y ? 

1388. How does the chvle serve to renovate and purify the blood .' 

1389. How is the blood relieve^ &om )ts supenipuncl^ce of water 
and carbon? 
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flmaU ramifications. Here it comes in contact* with the air Which 
we breathe. The action of the air on the blood in the lungs, is inr 
deed concealed from our immediate observation ; but We ar§ able to 
form a tolerably accurate judgment of it from the changes which it 
eti^ts, not only in the blood, but also on the air expired. 

^he air, after passing through the lungs, is found to contain all 
the nitrogen inspired, but to have lost part of its oxygen, and to 
have acquired a portion of watery vaporj and of carbonic acid gas. 
Hence it is inferred, that when the air comes. in contact with the 
yenous blood in the lungs, the oxygen attracts from it the supera- 
bundant quantity of carbon with which it has impregnated itself 
during the circulation, and converts it into carbonic acid. ^This 
gaseous acid, together with the redundant moisture from the lungsf 
being then expired, the blood is restored to its former purity, that 
is, to the state of arterial blood, and is thus again enabled to per- 
fojrm its various functions;; 

Caroline. This is truly wonderful ! of all that we have yet learn- 
ed. I do not recollect any thinjg- that has appeared to me so curious 
and interesting. 1 almost telieve that I should like to study anato- 
my now, though 1 have hitherto had so disgusting an idea of it. — 
Pray, to whom are we indebted for these beautiful discoveries ? 

Mrs, 5. (triestjy and Crawford, in this country, and Lavoisier^ 
in France,' are the principal inventors of the theory of respiration. 
0f late years, the subject has been further illustrated and simplified 
hj the accurate experiments of Messrs. Allyn and Pepys., But the 
still more important, and more admirable discovery of the circula- 
tion of the blood, was made long beft>re, by our immortal country- 
man, Hervey.' 

Emily, Indeed, I never heard any thing that delighted me so 
inuch as this theory of respiration. But I hope, Mrs. B., that you 
will enter a little mpre into particulars before you dismiss so inter- 
esting a subject. We left the blood in the lungs to undergo the 
salutary change ; but how does it thence spread to all the parts of 
the body ? 

Mrs, B. After circulating through the lungs, the blood is collect- 
ed into four large vessels^ by which it is conveyed into the left ven- 
tricle of the heart, whenc<g it is propelled to all the different parts 
of the body, by a large artery j which gradually ramifies into mil- 
Jions of small arteries, through the whole frame. From the extrem- 
ities of these little ramifications, the blood is transmitted to the veins, 

* Not in actual contact. In this case, it is obvious there would 
oe nothing to confine the blood and prevent its flowing out. The 
aif cells are separated from the blood vessels by^an extremely thin 
membrane. — Cf. 

f The quantity of moisture discharged from the lungs in 24 hours^ 
may be computed at eight or nine ounces. 

1390. What e£^ct cloes respiipation have on the air we breathe P 

1391. What becomes of the blood when it has become purified iti ^ir^ 
enlating through the lungs ? 

1392. Who were the inveiltors of the received theory of respiration? 

1393. Who discovered the circulation of the blood .' 

1394. Afler the blood is purified in thi lungs^ how is it spread to the 
yanous ports of the body .' 
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iHdoli bnng it back to the heart and lungs, to go xoond a^ain and 
again in the manner we have jnst described. You see, uerefore, 
that thQ blood actually undergoes two eireolations ; the one, throndl 
the lungs, by ^diich it is oonTcrted into pure arterial Uood ; the 
other, a general circulation, by which nourishment is conveyed to 
erery part of the body ; and theee are bo& equally indispensable to 
the support of animu life« 

Emtfy. But wh^M^ proceeds ^e carbon with which the Uood is 
impregnated when it comes into the lungs ? 

Mrs, B^ Carbon exists in a greater proportion in blood than in 
<»ganized animal matter. The blood, therefore, after supplyins- its 
Tarious secretions, becomes loaded with an excess of carbon, wfaidi 
is carried off by respiration ; and the formation of new clwle from 
the food afK)rds a constant supply of carbonaceous matter/ 

CaroUne, I wonder what quantity of carbon may be expelled from 
the blood by respiration in the course of 34 hours ? 

Mrs, jB, It appears by the experiments of Messrs. AHyn and Pe* 
pys, that about 40,000 cubic inches of carbonic add gas, are emit- 
ted from the lungs of a healthy person, daily ; which is eqniyalent 
to eleven ounces of s<did carbon every 24 hours) 

Emify, What an immense quantity ! And pray, how much of 
carbonic acid gas do we expel from our lungs at each respiration ? 

Mrs, B. The <juantity of air which we take into our lungs at 
each inspiration, is about 40 cubic inches, which contains a little less 
than 10 cubic inches of oxygen ; and of those 10 inches, one eighth 
is converted into carbonic acid gas on passing once through the 
lungs* a change sufficient to |$tevent air which has only been breath* 
ed once from suffering a taper to bum in it. ' 

Caroline, Pray, how does air come in contact with the blood in 
the lungs ? 

Mrs, B^ I cannot answer this question without entering into an 
explanation of the nature and structure of the lungs. lu)u recol- 
lect that the venous blood, on being expelled from the right vefltricle 
enters the lungis to go through what we call the lesser circulation ; 
the large trunk or vessel conveys its branches out, at its entrance 
into the lnngs,-into an infinite number 'Of very fine ramifications. 
The wind-pipe which conveys the air from the mouth into the lun^, 
likewise spreads out into a corresponding number of air vessels, 
which follow the same course as the blood vessels, forming millions 
of very minute tdr cells. These two sets of vessels are so interwo- 
ven as to form a sort of net-work, connected into a kind of spon^ 
mass, in which every particle of blood must necessarily come in 
contact with a partidle of air. 

* The bulk of carbonic add gas formed by respiration, is exactly 
the same as that of the oxygen gas which msappears. 

1395. Whence proceeds the carbon with which the blood is impieg^ 
nated on its return to the hings ? ^ 

1396. What quaatity of carbon is expelled fnna the blood by respi 
ation in 24 hours ^ 

1397. What is the quantity c^air we take into our hmgs at eaefa xee- 
piration ? 

1396. How does the air omne in contact wi& the blood ia tlie lunga 
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CcaroUne, But since the blood and the( air are contained in dif^- 
ent vessels, how can they come in contact ? 

Mrs. B, They act on each other through the membrane which 
forms the coats of these vessels : for ahhongh this membrane pre- 
vents the blood and the air from mixing together in the lungs, yet 
it is no impediment to their chemical action on each other.* 

Ermty. Are the lungs composed entirely of blood vessels and air 
vessels ? - 

Mrs. B. I believe they are, with the addition only of nerves and 
of a small quantity of the cellular Substance before mentioned, which 
connects the whole into a uniform mass- 

Emily. Pray, why are the lungs always spoken of in the plural 
number ? Are they more than one ? 

Mrs. B. Yes : for though they form but one organ, they really 
consist of two corapartmentar, caMed lobes, which are enclosed in sep- 
arate membranes or bags, each qgcupying one side of the chest, and 
being in close contact with each other, but without communicating 
together. This is a beautiful provision of nature, in con^quenee 
of which, if one of the lobes be wounded, the other performs the 
whole process of respiration till the first is healed. 

The blood, thus completed, by the process of respiration, forms 
the most complex of all animal compounds, since it contains not only 
the numerous materials' necessary to form the various secretions, 
as saliva, tears, &c., but likewise all those that are required to 
nourish, the several parts of the body, as the inuscles, bones, nerves, 
glands, &c.f 



* It is not absolutely certain that the change which the blood un- 
dergoes in the lungs is entirely owing to the loss of carbon ; since 
experiments show that any animal suostance, even the hand, when 
confined in a portion of atmospheric air, lessens the quantity of ox- 
. ygen, and produces a corresponding quantity of carbonic acid. It 
IS possible, then, that the carbon^ produced by respiration, may be 
owinj? merely to the contact between the air and the lungs.-— C. 

f The process of secretion does not consist merely in the separa- 
tion of certain materials from the blood by the secreting organ ; but 
in many instances, entirely new products are formed, no traces of 
which have been detected in the blood. For instance, the solid 
matter of the bones is derived from the blood, yet not a particle of 
phosphat of lime, (a substance composing the basis of the bone,) is 
found in it. It appears, then, that the glands, which are the organs 
of secretion, have the power of vroducing from the ultimate atoms 
of the blood, the variety of proaucts peculiar to each. Thus^ the 

f lands situated about the eyes secrete the tears,, a saline, pellucid 
uid ; while the liver secretes from the same source, the bile, a 
greenish, opaque, bitter, and extremely nauseous substance. It is 
most probable that we shall ever remam in profound ignorance, of 
any mode of imitating these operations.— C. 

1399. If the blood and air are contained in separate vesseb, how can 
they come in contact ? 

1400. Are the langs entirely composed of blood and air vesseU? 

1401. Why are the lungs spoken of in the plural number f 

1402. What forms the most complex of all the animal compounds.' 

1403. Wkatis said of secretion in the note f 

27 
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Emi]^. Tliere seems to be a siBgalAr aaalory between tbe Uood 
of aninuJs and the sap of yefy^tables ; for each of these fluids con- 
tains the several materials destined for the hatrition of the nnmeroos 
elaas^of bodies to which they respectiyely belong. 

Mrs, B. Nor is the production of these fluids in the animal and 
Testable sjrstems enturelv difierent; for the absorbent yeeaela 
wmch pump up the chyle m>m the stomach and intestines, may be 
compared to the absorbents of the roots of plants, which suck up- 
the nourishment from the soil. And the analogy between the sap 
and the blood, may be still further traced, if we follow Uie latter m 
^e course of its circulation ; for in the living animal we find crery 
where organs which are possessed of a power to secrete from the 
blood and appropriate to themselves the ingredients requisite for 
their support. ' 

Cbroune, But whence do these organs derive their respeetive 
P9wers? 

Mrs. B, Fiom a peculiar organization, the secret of which no one 
has 3ret been able to unfold, fiut it must be oHimately by means of 
the vital principle that both their mechanical and chemical powers 
are brought into action. 

I cannot dismiss the subject of circulation without mentioning 
perspiration, a secretion which is immediately conaected with it, 
and acts a most important part in the animal economy. 

Qiroline, Is not this secretion likewise made by appropriate 
glands? 

Mrs. B. No ; it is performed by the extremities of the arteries, 
which penetrate through the skin and terminate under the cuticle, 
through the pores of which the perspiration issues, When this fluid 
is not secreted in excess, it is insensible, ^because it i» dissolved by 
the air as it exudes from the- pores ; but when it is secreted fester 
than it can be dissolved, it berr€>me9 sensible,, as it assumes its liquid 
state. 

Emily. This secretion bears a striking resen^Iance to transpira-. 
tion of the sap of plants. They both consist of the most fluid parts^ 
and both exude from the surface by the extremities of the vessels 
through which they circulate. 

Mrs. B. And the analogy does not stop there ; for, since it has 
been ascertained that the sap returns into the roots of the plants, 
the resemblance between tiie animal and vegetable circulation, is 
becgrae still more obvious. The latter, however, is far from being 
complete, since, as we observed before, it consists only in a rising 
and descending of the sap, whilst in animals the blood actually otr- 
culates through every part of the system. 

We have now, I think, traced the process of nutrition, from the 
introduction of the food into the stomach, to its finally becoming a 
constituent part of the animal frame. This will, therefore, be a fit 
period to conclude our present conversation. 

What further remarks we have to make on the animnl economy 
shall be reserved for our next interview. 

1404. W|iat analogy is there between the Uood of ■nimsls and veg- 
etables ? 

1405. Whence do the several organs derive their lespeotiye powvfs" 

1406. How does perspiration ta^ place I 

1407. When is perspiration insenmUe^ 

1408. When does it become sensible > 
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CONVERSATION XXVI. 

r 

t>N ANIMAL heat; and ON VARIOUS ANIITAL PRODUCTS. 



i>nily. Since our last interview, I huve been thinking much of 
the theory of respiration ; and I cannot help being struck with the 
resemblance which it appears to bear to the process of combustion. 
For in respiration, as in most cases of combustion, the air suffers a 
change, and a portion of its oxygen combides with carbon, produ- 
cing carbonic acid gas. 

^Sfrs, B. Jam much pleased that this idea has occurred to you; 
these two processes appear so ^ery analogous, that it has been sup- 
.posed that a kind of combustion actually takes place in the lungs ; 
not of the blood, but of the superfluous carbon which the oxygen 
attracts from it. 

Caroline. A combustion in our iungs ! that is a curioi^s idea in- 
de€Ki ! But, Mrs. B., how can you call the action of the air on the 
Uood in the lungs, combustion, when neither light nor heat are pro- 
duced by it ? 

Enufy. I was goings to make the same objection. Yet I do not 
<M>nceiye how the oxygen can combine with the carbon, and^roduoe 
carbonic acid without disengaging heat ? ^ 

Mrs, B, The fact is that heat is disengaged.* Whether anj 
light be evolved, I cannot pretend to determine ; but that heat is 
produced in considerable and very sensible quantities is certain ; and 
this is the principal, if not th« only source of akimal heat. 

Emily r How wonderful that the very process which purifies and 
elaborates the bk>od, 4Bhould afford an inexhaustible supply of inter- 
nal heat ! 

Mrs, B, This is the theory of animal tieat in its original simpHo- 
4ty, such nearly as it was first proposed by Black and Lavoisier. It 
i^ppeared equally clear and ingemous ; and was at first generally 
adopted. But it was objected on second consideration, that if the 
whole of the animal heat was evolved ih the lungs, it would neces- 
sarily be much less in the extremities of the body, than immediate- 
ly at its source ; which is not found to be the case. This objection, 
however, which was by no means frivolous, is now satisractorilj 
removed by the following consideration : — ^Venous blood has been. 

* It has been calculated that the heat pvodvoed by respiration in 
12 hours in the lun^ of a healtky pej^sen, is such as would melt 
about 100 pounds of ice. 

1409. What aaatogy is theie between respiration and combustion ? 

1410. What is the principal source <^ animal heat ? 

1411. Wh^ objection has been made to the hypothesis which as- 
cribes animal heat to respiration ? 

1412. If the whole of animal heat is evolved iiw the hings, why is it 
«oi less «t the esteemities of the body than at its Bouree f 
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foimd hj ezpniment to ba^e less capacity for heat, than arterial 
blood ; wbenoe h foHows that the blood, in gndnally passiiig 6om 
the arterial to the t^ioiis state, during the dicolation, parts with 
a portion of caloric, by means of ^hich heat is difibsed thioogh 
er^ part of the body.* 

Mare and more admirable ! 
The cause of animal heat was always apeifect myslpry 

* Tbis is substantial^ Dr. Crawford's theory of animal heat : and 
that it is a most beautinil and ingenious one cannot be denied. Sub- 
sequent experiments have, boweYcr, proved its fiiUacy. Br. John 
Dayy has shown that the difl^rence of capacity for heat, between the 
two kinds of blood is much less than ¥nis supposed by Dr, Crawford ; 
the capacity of arterial being only one per cent. aboTe that of venous 
blood. Now it is obvious that this minute di^rence cannot account 
for animal temperature ; nor is it certain that even this small quan- 
tity of heat is given out of the system. Apolher objection is the 
result of an experiment of Mr. Brodie. This indeed seems to settle 
the question that animal heat does not depend on any change which 
the blood undergoes in the lungs. He found that on keeping up an 
artificial respiration in the lunffs of a decapitated animal, the blood 
was changed from black to red, and carbonic add was given out as 
usual ; but that the animad grew cold faster than another dead one, 
where such artificial respiration was not kept up. 

This, it in obvious would be the case, unless neat was caused by 
respiration, as the air forced into the lungs would tend to cool the 
animal. 

Prof. Cooper, of Philadelphia, proposes another theory. " I see 
no material difficulty," says he, '^ in accounting for the production 
of animal heat from the doctrine of latent heat. The fluids of the 
body are incessantly employed to renew the solids ; when a fluid is 
converted into a soud, heat or caloric is precipitated. "Diis takes 
place every moment very gradually in every part of the system." 

We are ignorant of the train of ar^ments by which the learned 
Professor snpi>ort8 his theory. But, if on the one hand, the conver- 
sion of a fluid into a solid produces heat, so it is equally well oroy- 
ed, that the conversion of a solid into a fluid produces cold. Now 
the soUd parts of the body, after being deposited from the fluids, are 
again conTerte4 into fluids by the absorbents. This theorjF, then, 
accounts for the production of heat only when the deposition is 
greater thaa the aoaorption, as during the growth of the system. 

From some experiments, made by Mr. Brodie, and Dr. Philip, 
they have been induced to believe that animal temperature idepends 
on the influence of the nerves. 

In regard to this theory, it may be observed, that in some instan- 
ees where the nervous influence seems to be suspended, the heat of 
thepart remains much the same as in health. 

This subject has excited the attention of the learned and curious 
in all ages, and a great variety of theories have been offered to ao- 

1413. What objection is ihtre to Dr, Crawford*^ Iheory of atdmat 
htatf 

1414. What is Professor Cooper's theory of animal heat f 

1415. What was the opinion of Mr, BrotUe, and Dr, FhiH9f m^ tho ' 
mUjject qf animal heat f 
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1i» me, and I am delighted tvkh hs explanation. Bnt^ ptajr, Mrs. E. , 
tut you tell me what is ^e rea«(HL of the increase of heat tiiat takes 
place in a fever ? 

Mmfy. Is it not because we then breathe qoiekeF, and, therefore^ 
more heat is disengaged in the i^yvtem^ 

Mrs, B, This may be one reason : bat I shduld think that the 
principal caose of the heat experienced in feyers, is, that there is no 
vent ror the caloric which is generated in the body. One of the 
most considerable secretions is the insensible perspiration ; this is 
constantly carrying off caloric in a latent state ; but during the hot 
stage of a fbyer, the pores are so contracted, that all pe^spiradon 
ceases, and the aoeuinulation of caloric in the body, occasions thosig 
bnrnin; sensations which are so painful. 

Emuy. This is, no doubt, the reason why the perspiration which 
often succeeds the hot stage of a fever, affords so much relief. If I 
had known this theory of animal heat when I had the fever last 
summer, I think I should have found some amusement in watching 
the chemica] processes that were going on within me. 

Carol ne. But exercise likewise princes animal heat, and that 
tnust be quite in a different manner. 

Mrs. B, Not so much as you think ; for the more exercise yon 
take, the more the body is stimulated, and requires recruiting. For 
this purpose, the circulation of the Mood is qvickeiied, the breath 
proportionally accelerated, and consequently a greater quantity of 
calor'c evolved. 

Otroline, True ; after runninff very fast, I gasp for breath, my 
Respiration is quick and hard, and it is just then that I begin to feel 
hot. 

JSmdy, It would seem, then, that violent exercise should produce 
fever. 

Mrs, B, Not if the person is in a good state of health ; for the 
additional caloric is then carried off by the perspiration which sue^ 
eeeds. 

Emity, What admirable resources natus^e ha$ pf^ovided for us f 
By the production of animal heat she has enabled us to keep up the 
temperature of our bodies above that of inanimate objects; and 
whenever this source becomes too abundant, the excess is carried 
6i by perspiration. 

Mrs, B, Jt is by the same law of nature that we are enabled, in 
all climates, and in all' seasons, to preserve our bodies of an equal* 
temperat jxe, or at least very nearly so. 

Caroline. You cannot mean to say that our bodies are of the' 
same tftimperature in summer, and in winter, in England^ and in the 
West Indies ! 

Mis. B. Yes, I do ; at least if you speak of the temperature of 

co»iiit for it. We have seen none, however, to which insuperable 
objections may not be brought. We must, therefore, at present 
be contented with attributing the production of animal warmth to 
tlie energies of the vital principle ; leaving it to future generations 
*o determine and define its immediate cause. — C.- 

1416. What is the reason of heat in a fever ? 

1417. Why does exercise produce an increase of animal heat' 
W^. Why does not violent exercise produce fevers? 

37* 
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the hlood, and Um mternal parts of the body : for those whi«^ aw 
immediatelj in contact with the atmoapheie, such as the hands.and 
&oe, will occasionally get wanner, or colder, than the internal or 
more sheltered parts. If you put the bolb of a thermometCT m 
your mouth, whidi is the best way of ascertaining the real tempera- 
tqre of your body, you will scai^ly perceiye any difference, m its 
indic^n, ^tita^T^r may be the dil^nce. oC teqip^nture q$. ^ 
Mmosphere. 

CaroHne. And when I feel oyercome by heat, I am really not 
hotter than when I am sluTering with cold ? 

Mrs, B. When a person in health feels very hot, whether from 
internal heat, from violent exercise, or from the temperature of the 
atmosphere, his body is certainly a little warmer than when he feels, 
▼ery cold ; but this difference is much smaller than our sensations 
would n^akens befieye; and the natural standard is soon restored 
by rest and by. perspiration. It is chiefly the external parts that 
are warmer, and I am sure you wiU be surpijsed to hear that the 
internal temperature of the body scarcely ever descend^ below 
ninehr-fiye or qinetyTsix degrees, and seldom attains^ one hundred 
and rour, or one hundred and £ye degrees, eyen in the most yioleqt 
feye^rs. 

Emihf. The. greater quantity of caloric, therefore, that we receiye 
from the atmosphere in summer, cannot raise the temperature of 
our bodies beyond certain limits, as it does that of inanimate bodies, 
because ah excess of caloric is carried of by perspiration. 

Caroline. But the temperature of the atmosphere, and conse- 
quently, that of inahiniate bodies, is surely neyer so high a^^that o£ 
animal heat. 

Mrs, B. I beg your pardon. In the East andWest Indies, and 
sometimes in the southern parts of Europe, the atmosphere is bep 
qaently aboye n^ety-e^ht degrees, which ii^. the common ten^ra- 
ture of , anunal h^L Indeed, eyen in this^cQUQtrTj i| occasionally 
happens that the siin's rays, setting full on an object,, eleyate its 
temperature aboye that pomt. 

In illustration of the power which our. bodies haye.to resist thf 
effects of external heat, Sir Charles Blagden, with some other &^n- 
tlemen, made seyeral very curious experiments. He remained for 
some time in an oyen heated to a temperature not much inferior to 
that of boiling water, without suffermg any other inconyenience 
than a profuse perspuratipn, which he supported by drinking plenti^ 
fully. 

Amfy^ He could scarcely consider the perspiration as an incon- 
yenience, since it sayed him from being baked, by giving y^nt to. 
the excess of caloric. 

Caroline, I aljrays. tho;ught, I confess, that, it was from, the heat 
of the perspiration that we suffered in summer. 

Mrs, B, You now find that you are quite mistaken. — ^Whenever 
evaporation takes place, cold, yoiu know, is produced in conse- 
quence of a quantity of caloric be^ig carried off. in a latent s|ate ; 

1419. Does the degree of animal heat var^ with the change of cli- 
mate? 

U20. How is it that the temperature of the body remains essential- 
ly the tame in summer and winter, and in different climates ? 

1421. What experiment was made by Sir Charles Blagden upon, 
thissabjectf 
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this is the case with perspiration, and it is in this way that it affords 
relief. It is on that account, also, that we are so apt to catch cold, 
when in a state of profuse perspiration. It is for the same reason 
that tea is most refreshing m summer, though it appears to heat yon 
at the moment you diink it. 

Emily, And m the yonter, on the. contrary, tea is pleasant on ao^- 
count of its heat. 

Mr$, B, Yes ; fojr we. haye then to guard rather against a defir 
eiency than an excess of ealoric, and you d& no^ find that tea will 
excite perspiration in winter, unless afler dandng, or any other vio- 
lent exercise. 

Caroline, What is the reason that it is dangerous to eat ice after 
dancing, or to drink any thing cold when one la very hot ,^ 

Mrs, B. Because, the losaof heat arising from the perspiration, 
conjointly with the chill occasioned hy the. cold draught, produced 
more cold than can be borne with safety, unless you continue ta use 
the same exercise, after drinking that you did before ; for the heat 
occasioned by the exercise, will counteract the eflfects of the cold 
drink, and the danger will be removed. You may, however, con- 
trary to the common notion, consider it as a rule, that cold liquids 
may at all times be drunk with perfect safety, however hot you may 
feel,* provided you are not at the moment in a state of great pers- 
piration, and on condition that you keep yourself in gentle exercise 
afterwards. • 

Emily, But since we are furnished with such resources against 
the extremes of heat and cold, I should have thought that all cli- 
mates would have been equally wholesome. 

Mrs, B, That is true, ia. a certain degree, in regard to those who 
have been accustomed to them from birth; for we find that the nan 
tives of those climates which, we consider the most deleterious, are 
as healthy as ourselves.; and if such climates are unwholesome to 
those who are habituated to a more-moderate temperature, it is be-* 
eause the animal economy does not easily accustom itself to considr 
erable changes. 

Caroline, But, pray, Mrs. B., if the circulation preserves the 
body of an uniform temperature, hpw does, ii happen, that animalp 
are sometimes frozen ? 

Mrs, B. Because, if more heat be carried off by the atmosphere 
than the circulation can supply, the cold will finally prevail, the 

♦The common notion on this subject, is certaiiJy the most safe. 
A person heated, and almost exhausted by exerc&e oh a hot day 
ought never to drink any cold liquid, except in very small quantities 
at a time. Not a summer passes but we hear of deaths by drinking 
cold water after violent exercise. — C. 

1422. Why are we apt to take cold in a state of profuse perspira- 
tion? 

1423. Why is hot tea refreshing in. the warm weather of summer ? 

1424. Why is not a quantity or caloric carried off by the use of hot 
drink in winter, as well as summer ? 

1425. Why is it dangerous to drink cold water when in a state of 
lurofuse perspiration ? 

1426. If the circulation preserves the body of a uniform temperatoxe,, 
l^w. does it happen that animals are someUmes fro^^n? 
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viK, if tke bod^ remuned loaf' exposed Id admee of heit, gni 
dna the p c n i jiui liop could canj ofl^ it v«wU, at laBt, looe 
power otmnntg in iltrtiiMlife laABeBDe. 

Qarolme. Fiafa, Isoppooe, have no aiiiaiallieift,b«itoaljpaxtaki 
ef the teo^eiatne of tbe vat^ ia. wkick tfaey lire.* 

Bmfy. And their ooUneaB, no doubt, proeeedi fivni dnr Mi 
bimthinff? 

l&v. 5. AnimidBoffiriibieathenMnearleBBjthoagbinaBMidi 
anaJler degvee than land animals. Nor aie tfaej entirdj destitate 
of animal heat, though, foft the same reason, they are nuidi odder 
than other creata re s. They have con^aratiTdy bat a ^fery ■oaJl 
quantity of Mood, ther^rae bat Yery Utde oxygen is reqoired, and 
a proportionally small quantity of animal heat is geneiated. 

Car0lme, Bat how can fish breathe under water ? 

Mrs. B. They breathe^ In" means of the air which is disscdred is 
the water ; and if yon put tnem into water, depmed of air by boil- 
log, they are soon su^cated. 

If afish is confined m a vessel of water closed from the air, it soon 
dies ; and any fish pat in afterwards, would be killed immedialely, 
as all the air had been previoiialy consomdd. 

CaroUne, Are there any q;>edeB oi amraals that breathe mor^ 
than we do? 

Mrs, B. Tea ; Imda, of all animals, breathe the greatest quantity 
of air in pn^Mirtion to their size ; and it is to this that they are sup* 
posed to owe the peculiar firmness and strength of their- mosdes, by . 
which they are eiuibled to support the violent exertion of flying. 

This di&rence between birds and fish, which may be considered 
as the two extremes of the scale of moscolar strength, is well w<ntb 
ebservinff. Birds, reskUng constantly with the atmosphere, sor-^ 
rounded by oicfgea, and respiring in greater proportions than any 
other ^>eeies of animals, are endowed with a greater degree of mus- 
eular strength, whilst the muscles of fish, on the contrary, are flao*' 
eid and oily ; these animals are comparatively feeble in their mo- ' 
tions, ana their tenM>eratnre is scarcely above that of the water in 
which they live. This is, in all probability, owing to their imper«^ 
feet respiration ; the quantity of hydrogen and carbon, that is in 
consequence accumulated in their bodies, fisnns the oil which is so 

• Animals belonging to the order o£ Cetae of Naturalists, though 
they inhabit the sea, breathe atmospheric air, and have hot, red 
blood. This order includes whales, dolphins, narwals, &c. — C. 

1427. Why are fish coldier than land animals? 

1428. How can they breathe under water? 

1429. How can it be proved that fish cannot live without air ? 

1430. What animals bj^eathe the greatest quantity of air, according 
to their size ? 

1431. To what is the firmness and great strength of muscles in bird» 
•winfiT ? 

1432. To what is the oily nature of fish and amphibious animalf 
owing^? 
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strongly characteristie of that species of animals, and which relaxes 
and softens the small quantity of fibrine which their mascles contain. 

Caroline, But, Mrs. B., there are some species of birds that fre- 
anent both elements, as, for instance, ducks and other water fowl. 
Of what nature is the flesh of these ? 

Mrs, B, Such birds, in general, make but little use of their 
win^ ; if they fly, it is but feebly, and onlj^to a short distance. — 
Their flesh, too, partakes of the oily nature* and eyen in taste some- 
times resembles that offish. This is the case not only with the 
Various kinds of water fowls, but with all other amphibious animals, 
as the otter, the crocodile, the lizard, &c. 

Caroline, And what is the reason that reptiles are so deficient in 
muscular strength ? 

Mrs, B, It is because they usually live under ground and seldom 
come into the atmosphere. They have* imperfect j and sometimes 
no discernible organs of respiration ; they partake, therefore, of the 
soft, oily nature offish; indeed many of them are amphibious, as 
frogs, toads, and snakes, and very few of them find any diflSculty in 
remaining a length of time under water.* Whilst, on the contrary, 
the insect tribe, that are so strong in proportion to their size, and 
alert in their motions, partake of the nature of birds, air being their 
peculiar element, and their organs of respiration being comparative- 
ly larger than in other classes of animals. 

I have npw given you a short account of the principal animal 
function^. However mteresting the subject may appear to you, a 
fuller investigation of it would, I fear, lead us too far from our ob- 
ject. 

Ermly, Yet I shall not quit it without much regret ; for of all the 
applications of chemistry, these appear to me the most curious and 
most interesting. 

Caroline. But, Mrs. B., I must jemind you that you promised to 
give us some account of the nature of milk, 

Mrs, B, True. There are several other animal productions that 
deserve likewise to be mentioned. We shall begin with milk, which 
is certainly, the most important and the most interesting of all the 
animal secretions. 

Milk, like all other aninnal substances, ultimately yields by analy* 
sis, oxys^en, hydrogen, carbon, and nitrogen. These are combined 
in it under the forms of albumen, gelatine, oil, and water. But milk 
contains, besides, a considerable portion of phosphat of lime, the 
purposes of which I have already pointed out. 

■ I ' 

* Amphibious animals have the power of suspending respiration 
for a considerable time. It is in consequence of this, mat they are 
enabled to live under water. — C, 

1433. What is the nature of the flesh of amphibious animals ? 

1434. Why are reptiles so deficient in moscolar strength ? 

1435. How are amphibious animals enabled to remain a long ttir^s 
under water f 

^ 1436. What axe the inmdients of milk ? 

1437. In what may mOk be decomposed witboyt any chemical as- 
sistance? 
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Oaroime. Tea ; it is this salt whii^ serves to nourish the tender 
bones of the suckling. 

Mrs,JB, To reduce milk to its elements, would be uyery compli- 
cated, as well as useless operation; but this fluid, without any 
chemical assistance, may be decomposed into three parts, creamy 
cuTfb, and whev. These constituents of milk haye but a very slight 
affini^ for each other, and you find accordingly that cream sepa- 
rates from milk by mer§ standing. It consists chiefly of oil, which 
being lighter than the other parts of the milk, gradually rises to 
the surraoe. It is of this, 3fou know, that butter is made, which is 
nothing more than oxygenated cream. 

Caroline, Butter, then, is somewhat analogous to the waxy sub 
stance formed by the oxygenation of yegetable oil. 

Mrs. B, Very much so. 

EmUy, But is the cream oxygenated by churning ? 

Mrs, B. Its oxygenation commences* previous to churning, mere- 
ly by standing exjf^sed to the atmosphere, from which it absorbs 
oxygen. « The process is afterwards completed by churning ; the 
violent motion which this operation occasions, brings every particle 
of cream in contact with the atmosphere, and thus &cilitates its 
oxygenation. 

Qxroline, But the efl^t of churning, I have often observed in 
the dairy, is to separate the cream into two substances, butter and 
butter^milk. 

Mrs, B, T\naX is to say, in proportion as the oily particles of the 
cream become oxygenated, they separate firom the other constituent 
parts of the cream m the form of butter. So by churning you pro- 
duce, on the one hand, butter, or oxygenated oil ; and, on the other, 
butter-milk, or cream deprived of oil. But if you make butter by 
churning new milk instead of cream, the butter-milk will then be 
exactly sinular in its properties to cream or skimmed milk. 

Carolina, Yet butter-milk is very differont from common skim- 
ned milk. 

Mrs, B. Because you know it is customary, in order to save timte 
mnd labor, to make butter from croam alone. In this case, there- 
foro, the butter-milk is deprived of the creamed milk, which contains 
both the curd and whey. Besides, in consequence of the milk re- 
maining exposed to the atmosphero during the separation of the 
eream, the latter becomes more or less acid, as well as the buttei^ 
milk which it yields in churning. , 

Emily, Why should not the butter be equally acidified by oxy^* 
genation? 

Mrs, B, Animal oil is not so easily acidified as the other ingredi- 
ents of milk. Butter, therefore, though usually made of sour cream, 
is not sour itself, because the oily part of the cream had not been 

* It is proper to mention that the ox3rgenation of cream, which is 
taken for granted in the above theory, is a disputed fact.---C. 
■ — II. . , ■ » ■ ■ I I - I 

1437. What causes the cream to rise on the top? 

1438. What is the ohemioal same of batter? 

1439. Why does churning convert cream to butler ? 

1440. When separation takes pla^e in the cream, why is the bnltet 
milk sour and the cream sweet? 
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acidified. Butter, howerer, is susceptible of becomb^ add by an 
excess of oxygen ; it is then said to be rancid, and prcxtuces the se- 
bacic acid, the same as that which is obtained from fat. 

EmiUf, If that be the case, might not rancid butter be sweetened 
by mixm^ with it some substance that would take the add from it? 

Mrs, B, This idea has been suggested by Sir H. Davy, who sup- 
poses that if rancid butter were well washed in an alkaline solution, 
the alkali would 8e{>arate the acid from the butter. 

Caroline. You said just now that creamed milk consisted of curd 
and whey. Pray how are these separated ? 

Mrs. B, They may be separated by standing for a certain length 
of time exposed to the atmosphere ; but this decomposition may be 
almost instantaneously effected by the chemical agency of a variety 
of substances. Alkalies, rennet,* and indeed almost all animal axLO- 
stances, decompose milk by combining with the curds. 

Acids and spirituous liquors on the other hand, produce a decom- 
position by combining with the whey. In order, therefore, to ob- 
tain the whey pure, rennet or alkaline substances must be used to 
attract the curds from it. 

But if it be wished to obtain the curds pure, the whey must be 
separated by acids, wine, or other spirituous liquors. 

Emily. This is a very useful piece of information ; for I find 
white-wine whey, which I sometimes take when I have a cold, ex- 
tremely heating ; now, if the whey were separated by means of an 
alkali instead of wine, it would not produce that effect. 

Mrs. B. Perhaps not. But I would strenuously advise you not 
to place too much reliance on your slight chemical knowledge in 
medical matters. I do not know why whey is not separated from 
curd by rennet, or by an alkali, for the purpose which you mention, 
but I strongly suspect that there must be some good reason why 
the preparation by means of wine is generally preferred. I can, 
however, safely point out to you a method of obtaining whey with- 
out either alkali, rennet or wme ; it is by substituting lemon juice, 
^a very small quantity of which will separate it from the curd. 

Whey, as an article of diet, is very wholesome, being remarkably 
light of digestion. But its effect, taken medicinally, is chiefly, I be- 
lieve, to excite perspiration, by being drunk warm on going to bed. 

From whey a substance may be obtained in crystals by evapora- 
tion, called sUjE^ar of milk. This substance is sweet to the taste, and 
in its composition is so analogous to common sugar, that it is sus- 
ceptible of undergoing the vmous fermentation. 

* Rennet is the name given to a watery inftision of the coats of 
the stomach of a sucking calf. Its remarkable eflicacy in promo- 
ling coagulation is supposed to depend on the gastric juice with 
which it is impregnated. 

1441. What causes butter to become rancid ? 

1442. How may rancid butter be made sweet ? 

1443. How is milk from which the cream has been taken, decompos- 
ed, or converted into curd or whey ? 

1444. How is pure whey ohtalo^ from raUk ? 

1445. How is pore curd obtained from it ? 

1446. Why k whey as an article of diet, wholesome ? 

1447. How is the sugar of milk obtainea ? 
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CaroSMe, Why then is not wine, or alcohol, made fiom wh&j * 

Mrs. B, The quantity of sogar contained in milk is so trifling, 
that it can hardly answer that porpoee. I hare heard of only one 
instancp of its hemg used for the prodoction of a niintnons liqaor and 
this is by the Tartan Arabs ; their abondance of horses, as weU as 
their scarcity isl finits, has introduced the fermentation of mares' 
mflk, by which they produce a liquor called koumiss. Whey is 
likewise susceptible of being acidified by combining with oxygea 
from the atmosphere. It then produces the iactie aad, whidi you 
may recollect is classed with the animal^ adds, as the acid of nulk. 

Let us now see what are the properties of curds. 

EmUy. I know that they are made into cheese ; but I hare heard 
that for that purpose they are separated firom the whey, by the ren- 
net, and yet this you have just told us, is not &e method of obtain- 
ing pure curd I 

Mrs. B. Nor are pure curds so well adapted to the formation of 
cheese. For the nature and flayor of the cheese dejpends in a great 
measure, upon the cream or oily matter which i» left in the curds ; 
so that if every particle of cream be removed firom the curds, the 
cheese is scarcely eatable. Rich cheeses, such as Cream and Stil- 
ton cheeses, derive their excellence fittm the quantity, as well as 
the quahty of the cream that enters into their composition. 

CaroUne. I had no idea that milk was such an interesting com- 
pound. In many respects there appears to me to be a very striking 
analogy between milk and the contents of an eggy both in respect 
to their nature and their use. They are, each of them, composed 
of the various substances necessary for the nourishment of the young 
animal, and equally destined for that purpose. 

Mrs. B. There is, however, a verjr essential difi[erence. The 
young animal is formed as well as nourished, by the contents of the 
effg-shell ; whilst milk serves as nutriment to the suckling, only 
after it is born. 

There are several peculiar animal substances which do not en- 
ter into the generarenumeration of animal compounds, and which, 
however, deserve to be mentioned. 

Spermaceti is of this class ; it is a kind of oily substance obtained 
from the head of the whale, which, however, must undergo a cer- 
tain preparation before it is in a fit state to be made into candles. 
It is, not much more combustible than tallow, but it is pleasanter to 
burn, as it is less fusible and less greasy. 

Ambergris is another substance derived from a species of whale. 
It is, however seldom obtained firom the animal itself, but is gene- 
rally found floating on the surface of the sea. 

Wax^ you know, is a concrete oil, the peculiar product of the bee, 
part of the constituents of which may probably be derived from 
flowers, but so prepared by the organs of the bee, and so mixed 
with its own substance, as to be decidedly an animal product. Bees 
wax is naturally of a yellow color, but is bleached by long expo- 
nure to the atmosphere, or may be instantly whitened by the oxy- 

1448. Do pure curds make good cheese .' 

1449. On what does the quantity of cheese depend? 

1450. From what is spermaceti obtained ? 

1451. What is ambergris > 
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lAiiriatic acid. The combustion of wax is far more perfect than . 
that of tallow, and consequently produces a greater quantity of 
light and heat. 

Lac is a substance very similar to wax in the manner of its form- 
ution : it is the product of an insect, which collects its ingredients 
firom flowers, apparently for the purpose of protecting its eggs from 
injury. It is formed into cells, fabricated with as much skill as 
those of the honey comb, but differetftly arranged. The principal 
use of lac is in the manufacture of sealing'^wax, and in making 
▼arnishes and lacquers. 

Musk, civet, and castor, are other particular productions from 
•difierent species of quadrupeds. The two first are very powerful 
perfumes ; the latter has a nauseous smell and taste, and is only , 
used medicinally. 

Caroline. Is it from this substance that castor oil is obtained ? 

Mrs, B, No. Far from it, for castot oil is a vegetable oil, ex- 
pressed from the seeds of a particular plant ; and has not the least 
^resemblance to the medicinal substance obtained from the castor. 

SUk is a peculiar secretion of the silk worm, with which it builds 
its nest or cocoon. This insect was originally brought to E' trope 
from China. Silk in its chemical nature is very similar t » the 
hair and wool of animals ; whilst in the insect it is a fluid, whi h is 
coagulated, apparently by uniting with oxygen as soon as it ci mes 
in contact with the air. The moth of the silk-worm ejects a liquor 
which appears to contain a pecuUar acid^ called bombic, the proper- 
ties of which are but very tittle known. 

EndJy, Before we conclude the subject of the animal economy, 
/shall we not learn by what steps dead animals return to their ele- 
mentary state ? . , 

Mrs. B. Animal matter, although the most complicated of all 
•natural substances, returns to its elementary state by one single 
spontaneous process, the mUrid fermentation. By this, the albu- 
men, fibrine, &c. are slowly reduced to the state of oxygen, hydro- 
gen, nitrogen and carbon ; and thus the circle of changes through 
which these principles have passed 4s finally completed. They firist 
quitted their elementary form, or their combination with unorgan- 
wed matter, to enter into the vegetable system. Hence they were 
transmitted to the animal kingdom ; and from this they return again 
to their primitive sin^plicity, soon to re-enter the sphere of organ- 
ized existence. 

When all the circumstances necessary to produce ifermentation 
do not take place, animal, like vegetable mattetr, is liable to a par- 
tial or impenect decomposition, which converts it into a combusti- 
ble substance very like spermaceti. I dare say that Caroline, who 
is 80 fond of analogies, will consider this a kind of animal bitumen. 

Caroline. And why should I not, since the processes which pro- 
duce these substances are so similar ? 

Mrs. B. There is, however, one considerable diflference ; the state 
of bitumen seems permanent, whilst that of animal substances, thiui 
imperfectly decomposed, is only transient ; and iinless precantioBS 
4>e taken to preserve them in that state, a total dissolution in&llibly 

1452. How does wax compare with tallow for combastion .' 

1453. What is lac? 

•1454. What account could you give of silk ? 

^1465. Am does dead animal matter return to its original statfr? 
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ensaes. This circmnstanoe, of the ooeanonal conveision of ftmuitl 
matter into a kind of spennaceti, is of late discovery. A manufao- 
tore has in consequence been established near Bristol, in which, bj 
exposing the carcasses of horses and other animals for a length of 
time under water, the muscular parts are conyerted into this sper- 
maceti-like substance. The bones afterwards undergo a diflferent 
process to produce hartshorn, or more properly, ammonia, and phos- 
phorus ; and the skin is prepared for leather. 

Thus art contrives to enlarge the sphere of useful purposes, for 
which the elements were intended by nature ; and the productions 
of the several kingdoms are frequently arrested in their course, and 
yarioudy modifi^) by human skill, which cpmpeis ihem to eontrir 
bute, under new foro^, to the necessities or luxuries of man. 

But all that we enjry, whether produced by the spontaneous op^ 
rations of nature or the ingenious efforts of art, proceed alike from 
the goodness of Providence. To God alone man owes the admira- 
ble taculties which enable him to improve and modify the produc^- 
tions of nature, no less than those productions themselves. Jn con- 
templating the works of the creation, or studying the inyentions ot 
art, let us, therefore, never forget the Divine source from which 
they proceed ; and thus every acquisition of knowledge will prove 
a lesson of piety and virtue. 



DESCRIPTION OF THE Alt^HLOGIdT^C OR t*IiAMELESS LAHI^. 



BT DR. J. L. COMSTOCX, OF HARTFORD. 



Aphlogistic or JFlameless Lamp, , 




Fig. 1. A. The coil of platina wire. B. 
•ontaining tbe wick. Fig. 3. Tlie Lamp complete, 
tube for cfiarging. 



In the con 
struction of this 
liamp, the ob4 
ject IS to keep i 
eoil of wire in a 
state of ignition^ 
without either 
flame or smoke. 

The principle 
on which it is 
constructed, I be» 
lieve was first 
discovered by Sir 
H. Davy. He 
found that on 
heating the end 
of a piece of 



The glaes tube P^*^* T^t ^ 
pie'te. D. The hot, and mstant^ 



ly holding it 
near the sur&ce 



1456. What manufacture is it mentioned has fecently been foraie4 
in Bristol ? 
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of aoiOQe ether, placed in a wine glass, the wire was kept at a red 
heat as long as the experiment was continued. 

Whether Sir Humpnrey pursued the subject any further, I am 
not informed. It is most probable, however, that he did not, as it 
is stated in a London paper of the last year, that Prof. Ure, of Glas- 
gow, had determined the circumstances which modify the perform- 
ance of the lamp, and that one constructed by him was in full opera- 
tion in that city, (London) and had excited much public curiosity. 
This notice contained some directions concerning the size of the 
wire to be used, and the manner of coilinff it. 1 have, however, 
seen no description of this lamp which would enable one readily to 
construct it. The following may, therefore, interest such- readers 
as have seen an account of so curious a discovery. 

The principle on which the aphlogistic latnp is constructed, i»^ 
volves fwo conditions which are absolutely requisite, viz. that we 
make use of a combustible substance which evaporates at a low* 
degree of heat, ahd a metal which is a bad conductor of caloric. 
For the combustible, alcohol seems best suited for this purpose. 
Sulphuric ether, aside from its high price, and disagreeable smell, I 
have sometimes found to fail ; the ignition ceasing without any ob- 
vious cause. ^ 

In regard to the metal, gold and silver, both fail in consequence 
of the rapidity with which they conduct caloric. Silver, too, would 
soon be destroyed by the intense heat. Iron, although so bad a 
conductor, as to remain ignited for a time, soon fiuls, being convert- 
ed intd*red oxide. Platina seems to be the only metal adapted to 
our purpose, being a slow conductor of caloric, land not Easily oxida^ 
ted at the hiehest temperature. 

This is to DC drawn into wire of 56-1000 or 60-1000 of an inch in 
diameter, being iabout the size of a card, or brass wire. No. 26. 
Experience has shown that this size succeeds better than any other. 
If larger, the heat is carried off too fast and the ignition ceases. If 
much finer, it does not retain sufficient heat at the lower part of the 
coil to keep up the evaporation of the alcohol from the wick. 

The coiling of the wire, and the adjustment of the wick, are the 
most difiicult parts of the construction. 

The coil, A., fig. 1, p. 323, is made by winding the wire round a 
piece of wood, cut of the proper size and shape. The size is deter- 
mined by the bore of the slass tube, allowing for the diameter of' 
the wire. The shape is plain cylindrical in that part which enters 
the tube ; and slightly conical where it projects above the tube as 
seen in the figure. (I believe this is the best shape, though I have 
succeeded as well when the coil is of the same shape throughout.) 

In winding the coU, it is best that the turns of the wire should 
come in contact. Afterwards it is to be gently extended, so as to 
leave the turns as nearly as possible to each other, without touching. 

The diameter of the coil is about one sixth of an inch where it 
enters the tube. Its length half an inch, or a little less, containing 
from twenty to thirty turns of the wire. The projection above the 
tube is about one half the length. 

B. Fig. 1> 4s a glass tube containing a cotton wick, which by cai^ 
pillary attraction carries the alcohol up to the platina coil. The 
length of this is arbitrary, being from one to three or four inehes. 
The bore is about the sixth of an inch, so as barely to admit the coiL 
The wick^ coqsist^g of eight or ten threads, is first dxawA thcoagh 
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the tube, ai)d then intTodooed aboat half way into the ooil, so as txr 
come even with the top of the tube. This requires very nice ad 
justment. If the wick is too hi^h, the wire is rapidly cooled by the 
alcohol, and ignition ceases in a few moments. If too low, the eyap- 
oration by the heat of the wire is insufficient. If, however, the 
other parts are well constructed, a few trials will ensure success. 

Fif . 3, shows the lamp complete. The body of it is a low vial 
or inkstand, ca;pMe of holding about two ounces of alcohol. It is 
■topped accurately with a cork, which i» covered for ornament, with 
tin toil. The aperture for admitting the tube and wick, is made 
with a hot iron. 

D. is a small tube through which the alcohol is poured. A drop^ 
fing tube is convenient for this purpose, but a small funnel is easily' 
made by cutting off an inch of the neck of a broken retort, into which 
is pushed a ooni, and through this a small quill. Another orifice 
still, for letting off the air, as the^ alcohol goes in, may be made 
through the cork. The orifices of couise are to be stopped, to pre- 
vent evaporation, after the lamp is eharged. 

When the lamp is completed and charged, the alcohol is inflamed 
by holding the coil in the blaze of a candle. After letting it bum 
for a few minutes, the flame is blown out, when if every thing is 
properly adjusted^ the wire wiU continue red hot until the alcoho} 
18 exhausted^ 

The explanation why the ignition of the wire is permianent, seems 
to be sufficiently wmple. Alcohol, when in the state of vapor, 
combines with oxygen with great facility. The temperature of the 
wire is first raised by the flame of the candle to about 600 degrees, 
Fahrenheit. This degree of heat is such as to eflfect the combus- 
tion of alcohol with the oxygen of the atmosphere. When this is 
once eflfected, the caloric extricated by the combustion of the alcohol, 
is sufficient to keep the coil at a red heat, which again is the tem- 
perature at which the alcohol is combustible, so that one portion of 
alcohol by the absorption of oxygen, and the consequent extrication 
of heat, lays the foundation for the combustion of another portion ; 
and as the alcohol rises in a constant stream, so the efl*ect is con- 
stant. The stream of vapor is much increased by the heat of the 
lower part of the coil, where it embraces the wick, and the tempera- 
ture of the alcohol is increased before it reaches the part of the coil 
where combustion is efl^ted. Sometimes the last, or upper turn 
of the wire only is kept red hot. 

This lamp, tnoug[h one of the most curious inventions of the a^e, 
is not merenr a curiosity. The facility and certainty with which 
by means of a match, a light may be obtained from it, constitutes its 
utility. The proper matches for this purpose are prepared by dip- 
ping the common brimstone matches into a paste made by mixing 
two parts of white sugar with one part of cHorate (oxy-muriat) of 
potash. The red French matches are of this kind, and answer the 
purpose completely. 

In cases where a light might be wanted, but a constant one would 
be oflfensive, this lamp might be a great convenience : a light being 
immediately obtainea by merely touching a match to the platina 
coil, and then to the wick of the candle. Physicians or others who 
are liable to be called up in the night would also find it convenient 
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^n Additional Converstttion Jtom the last London Edikon 



CONVERSATION XXVII. 

ON THE STEAM-ENGINE. 

Mrs, B, In this conversation I propose to gwe you some account 
of the steam-engine. Since its^nginal invention about the middle 
of the 17th century, it has, by a lon^ series of improvements, attain- 
ed such a degree of perfection that it now not only works our man^ 
ufactures, but is beginning to be applied to their conveyance both 
by land and water, • Steam-boats, you know, are already in gene- 
ral use ; locomotive steam-engines are employed on rail-ways in - 
several parts of England, to draw coals from the mine to the place 
of shipment ; and a rail-way is now in considerable forwardness for 
the purpose of conveying the multiplicity of goods which pass from 
Manchester to the port of Liverpool by means of these self-moving 
carriages- 

C^^Une, After having both seen and heard so miich of steam^ 
engines as we have done of late years, 1 am almost ashamed to con*- 
less how Ignorant I am of the principles on which they act ; but thd 
machinery is so complicated, there are so many pipes, and valvesj 
and boilers, and coolers, and I know not what, that really one's 
head growsouite confused, and can understand nothing. 

Mrs, B, Taere is a little apparatus of no very complicated con* 
strnction, but simple as it is, 1 think it will assist me in explaining 
to you the principle on which the steam-engine acts. (Fig. 37.) 
It consists, you see, of a glass cylinder, and terminating in a bulb, 
or ball, and a piston, which is fitted to the cylinder, and can slide 
up and down within it. We shall pour a little water into the bulb, 
push down the piston to the bottom of the cylinder, and make the 
water boil by placing it over this lamp : what will happen then } 
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Mmly, The steam rising from the water will force up the pis- 
Ion by Its expansion—just so — as the steam is formed the pistoa 
rises. 

28* 
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CaroBme. Ohl now I nndentaBd it : if diis waBalaigeironcrl 
inder instead of a small elass one, and had a great beam attadied'to 
it to act as a lerer, as I ha^e seen in real steam-engines, that the 
balb was a spadoos boiler, and the lamp a fomaoe, we should be 
enabled bj it to raise a ffreat weight. 

Mrs. B. The force of steam, when once obtained, may be appli- 
ed to an immense nomber of purposes ; it maj be made to posh, to 
pull, to lift, to strike ; in a word to put in motion any of the me- 
chanical i>owers. Bat as yet we have only raised the piston, we 
must get it down again in order to repeat the stroke ana oontinne 
the action. As soon as I take this glass yessel from the lamp, the 
steam returns to the state of water, a vacuum is formed by its con- 
densation, and the piston falls by the weight of the atmosphere, 
which ^ou maj recollect presses with a weight of 15 lbs. on every 
square indi ofue surface of the piston.* 

Carokne. This little cylinder is easily removed from the lamp, 
but we cannot take a boiler from the furnace and 'replace it again at 
every stroke of the piston. 

Afrs, B, We must, therefore, find some other mode of condensing 
the steam, without which, the weight of the atmosphere will not 
make the piston descend. This was at first accomplished by inject- 
ing cold water into the cylinder. 

Ehuly, The steam would naturally give out its latent heat to the 
cold water, and this powerful elastic fiuid would be converted into 
an inert liquid. 

Mrs. B, That is a concluMon, which, in the present state of 
science, it is very easy to draw : but in the 17th century the prop- 
erties of heat and of steam were equally involved in obscurity. 
When the Marquis of Worcester first attempted the construction 
of a steam-engine, it appears probable that he injected cold water 
simply with a view of replenishing the boiler, and that he was not 
aware that it caused the condensation of the steam, or that this con- 
densation was necessary in order to make the piston descend. The 
Marquis is, however, generally considered as the original inventor 
of the steam-engine ; but it was Savary and Newcomens who im- 
proved upon his ideas, and first produced this machine sufficiently 
well constructed to be brought into common use. Fig*. 38, repre- 
sents an engine thus improved and applied to the purpose of raising 
water from a well. 

The steam issuing from the boiler B raises the piston P in the 
cylinder, and, consequently, that end of the lever L to which it is 
attached by the rod R. One end of the lever beam being thus ele- 
vated, the other necessarily descends, and forces down the rod r 
and the piston p in the well W. 

Caroline. Now we have the great piston P at the top of the cylin- 
der, and the little piston p at the bottom of the well, but in order to 
bring up the water we must reverse the action of the lever : how is 
that to be done ? 

Mrs, B. As soon as the piston P reaches the upper part of the 
cylinder, the cock or valve V closes, excluding the further en- 
trance of steam ; at the same lipie the valve Q opens, admitting a 
jet of cold water from the reservoir R. This condenses the steam 

** See Conversations on Natural Philosophy. 
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wiuch fiHed the cylinder, and fonns a vacuam ; the piston, no lon- 
ger supported beneath, is forced down by the pressure of the at- 
mosj^ere^ while the piston p rises, lining up the water which 
flows out at m. 

Caroline, The water is raised by the piston p, on the principle 
of the lifting pump, which I recollect your explaining to us.* Then, 
when the piston P returns to the bottom of the cyhnder, the valve 
Q shuts to exclude the cold water, while the valve V opens t6 ad- 
mit the steam ; thete could not be a more clever contrivance. 

Emily. Yet, it seems to me to be a pity to destroy tbie steam at 
every stroke of the piston : what an economy of fuel would be ob- 
tained if it were possible to preserve the steam and make it act 
again! 

Mrs. B. Nor is this the only objection to the introduction of 
cold water into the cylinder ; it is attended also with the incon- 
venience of cooling the cylinder, so as to require a considerable 
additional quantity of steam to restore its temperature before the 
piston can be made to rise ; yet, even under these disadvantages, 
the steam-engine was found to be a powerful machine; in the 
tx)urse of years it underwent many alterations, but received no 
v6ry material improvements till the eelebrated Mr. Watt discover- 
ed the means of obviating the defects we have noticed. ^ His first 
improvement was to condense the steam in a separate vessel, which 
he called a condenser ; by which means he effectually prevented 
the refrigeration of the cylinder. 

He then introduced the steam from the boiler into the cylinder 
alternately above and below the piston, so as to make it both rise 
and fall: completely excludinff the external air, the pressure of 
which became unnecessary, and which had been another cause of 
cooling the cylinder. 

Emily. He must then have established a communication between 
the condenser and both the upper and lower part of the cylinder, in 
order to carry off the steam, and form vacuums alternately above 
and below the piston. 

Mrs. B. This he did by means of pipes and valves, which could 
be opened or shut at pleasure. 

Caroline. Then, when the steam below the piston is drawn into 
the condenser, the steam above it will force it down, and when the 
steam above the piston flows into the condenser, the steam beneath 
will make it rise. It is, therefore, essential that the atmospheric 
air should have no access to the cylinder, otherwise the vacuum 
could not be formed, for the air would rush in to supply the place 
of the steam as soon as this is condensed. But is it. not difficult to 
exclude the air completely, and yet leave room for the piston-rod 
to move up and down freely ? 

Mrs. B. In order to render the cylinder air-tight, the piston- 
rod slides up and down through a small box, so well stuflfed with 
leather and hemp that no air can penetrate. 

These movements will be more intelliffible if you examine Fig. 
30, which represents a steam-engine such as is now used ; in which 
all the essential improvements of Mr. Watt are retained ; but 
some simple and convenient arrangement of the mechanism has 

* See conversations on Natural Philosophy. 
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been sabetitated in tlie place of his more daborate and complicated 
contrivance. AA is tbe boiler, and the fire ^i^ch heats it is con- 
tained in the fire-place BB, wluch, with the flues XX, sqrround it. 
The water, when conyerted into steam, passes through the pipe CC, 
and thence into a sort of box DD ; but for the ezj^anation of the 
construction of this box, I most refer you to figure 40, where you 
will find it represenled on a larger scale, as that plate contains only 
the cylinder ZZ, and the pipes which connect the box with it. 
From this box the steam can pass either through the pipe EE into 
the upper part of the cylinder above the piston YY in order to force 
it down ; or it can pass through the pipe TF and enter the cylinder 
below the piston in order to raise it. 

Caroline, But when the steam enters at one end of the cylinder, 
it must make its exit at the other, and take refuge in the conden- 
ser : how does it find its way there ? for these two pipes communi- 
cating at one end with the steam-box, and at the otner with the 
cylinder, cannot either of them convey the steam into the conden- 
ser. 

Mrs, B, There is a separate pipe for that purpose, one end of 
which opens into the steam-box, and the other into the condenser, 
[fhe orince of this pipe alone is visible at G as it turns back before 
it descends ; but in Fig. 39 that part G which communicates with 
the condenser HH is delineated * 

Emibf, And by what means is the -Steam prevented from entering 
the cyhnder through both passages at the same time ? 

Mrs, B. By a very simple and ingenious contrivance called a 
sliding valve II, which moves up and down, and alternately leaves 
the passage to the upper or lower pipe open : in its present situa- 
tion in Fig. 40 it is raised as high as it will go, closing the passage 
between iSe steam-box and the openings to the pipes E and G, but 
leaving a communication between these two pipes. 

Caroline, The steam, then, enters at the bottom of the cylinder 
below the piston ; but how do you get rid of that which is above 
it ? — Oh, 1 see : it descends through the pipe E, and being ex- 
cluded by the valve I from entering the steam-box, it passes into 
the orifice of the pipe G, and is thence conveyed into the conden* 
ser. 

Mrs, B. And when the valve is slided downwards so as to close 
the communication between the pipe and the steam-box, it opens 
a passsLge between that pipe and G ; so that the steam below the 
piston is now drawn into the condenser, wliile that above it forces 
It down. 

Eniily, But during the time that the valve is moving from the 
orifice of one pipe to that of tlie other, both must be left' partly 
open at the same time, so that less steam can get admittance into 
one pipe or escape out of the other, than when one of the pipes 
is completely open, and the other entirely closed. 

Mrs. J9. That is very true, and the stroke of the piston is less 
forcible during those intervals. There is also an instant during 
which the valve closes all the three passages ; it is when the pis- 
ton reaches the top of the cylinder, as represented in Fig. 39, 
Frontispiece. 

Caroline, The communication between the steam-box and the 
condensing pipe G is then always closed by the valve in whatever 
position it may be ? 
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Mrs, B, Certainly ; It woold be wasting the steam to allow it 
to flow from the steam-box into the condensing pipe ; that pipe is 
used merely to convey away the steam that has already performed 
its office in the cylinder ; it therefore communicates only with the 
pipes E and F. The valve II, you will observe, is not flat, but 
capacious, in the form of a box without a lid ; for it is necessary 
that the communication between the pipes E and G should be made 
within the capacity of the valve ; were it flat, it would close the 
pipes E and .G, not only from the steam-box, but from each other» 
so that the steam could not escape into the condensing pipe. 

Thus by simply sliding up and down this hollow valve, the mo- 
tion of the piston may be carried on indefinitely. 

Emiiy, And by what means is this valve moved, for I see no rod 
to connect it with the lever. 

Mrs. B. No, it js worked by two cranks, V and W, situated at 
riffht angles to each other ; of which V is connected with the slide- 
valve, I, and W is connected to the eccentric X, which is worked 
by the fly-wheel shaft U. 

BmHy. But the steam is lost, Mrs. B.; I had flattered myself 
that some means had been devised of turning it to account. 

JVfr5r B. Not lost, though it is no longer serviceable in the form 
. of steam, for it gives out its latent heat, to the water in the conden- 
ser, and this heated water is pumped up and conveyed into the 
boiler B, Fig* 39, where it is re-conVerted into steam at a much . 
less expense of fuel than if it were cold. The condenser H, you 
will observe, is situated in a cistern of cold water, LL, and ^p repre- 
sents the injection cock, by means of which a stream of this water 
is constantly flowing into the condenser, in order to re-convert the 
steam into water. 

Caroline. And how is this water conveyed into the boiler, to be 
again transformed into steam ? 

Mrs* J9. The bottom of the condenser communicates with an 
air-pump MM, which raises the heated water into a smaller cistern 
N, from whence it is elevated bv the forcing puinp 0, and convey- 
ed through a pipe which is not delineated in the Plate in a cistern 
P, situated immediately over the boiler, into which it descends 
through the pipe Q. — The small lever attached to this cistern, hav- 
ing a weight suspended at one end, and a float R which rests upon 
the surface of the water hanging from the other, is a contrivance 
to admit into the boiler exactly the quantity of water required. 
In the present position of the lever, that quantity is duly adjusted ; 
but should the boiler be further filled, the float, which alwa5rs re- 
mains on the surface of the water, and the rod to which it is at- 
tached, must rise and elevate that arm of the lever to which it is 
suspended ; the other arm will constantly descend, and a valve S, . 
which is suspended to that arm, will close the pipe Q so as to 
impede the entrance of more water into the boiler. But as soon 
as the superabundance of water in the boiler is converted into 
steam, ana has passed off into the cylinder, and the water resumes 
its former level, the float descending restores the lever to its hori- 
zontal position, raises the valve S, and re-opens a communication 
for the admission of water from the condenser. 

Dmify, This is a most ingenious contrivance ) yet the invention 
of a separate vessel to condense the steam, was, I think, the most 
happy idea, and so simple that I wonder it did not occur sooner. 
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fiot since it is essential to preseire the high temperatare of the 
cj^der, I should think it might be useful to cover it with flannel, 
or some other bad conductor of heat, in order to prevent its radia- 
ting off coloric ; and I wonder that the cylinder should be made of 
metal, which is so good a conductor of heat ? 

Mrs. B. Metal, though a good conductor, is, you know, a bad 
radiator ; besides^ no other sul^tance would have sufficient strength 
and durability for the purpose. Then, instead of flannel, the cyun- 
der, in large engines, is frequently enclosed in a larger metallic 
case, called a jacket, and the intervening part is kept filled with 
steam, so that the cylinder itself is in a sort of steam bath, and 
suffers no diminution of temperature. 

The lever TT of this steam-engine, you will observe, is of a 
very different construction from that of Newcomens' ; instead oi 
a cumbrous beam of wood, it consists of a plate of iron, strength- 
ened by three ribs or bars of iron, to the central one of which is 
attached die several rods, 1, 2, 3, 4, which work the piston of the 
cylinder, and those of the pumps, and finally the rod 5, which is 
the operative power of the machine. This was another improve- 
ment of Mr. Watt ; he also added a fly-wheel, U, the e£^ of 
which, you may recollect, is to equalise the motion of the manhine, 
and render it uniform.* 

Qgroline. This must be peculiarly applicable to a steam-engine, 
whose motion must necessarily be accelerated every time the furv 
nace is replenished with fuel, and retarded when the fuel begins to 
be expended. 

Mrs. B, This jrreffularity is equalised by another contrivance^ 
Which I dhaU presently explain to you. The chief purpose of the 
fly-wheel is to carry on uie action of the machine during an in- 
stant that occurs at every stroke of the piston, when the steam is 
excluded from the cylinder. We have observed that the power 
varies in intensity, being strongest when the piston is in the posi- 
tion in which it is described in Fig. 40, which is caUed being at 
half stroke ; one of the passages for the steam is then entirely 
open and the other completely closed ; when the piston moves^ither 
above or below this point, the two passages are but partially open- 
ed or closed ; and when it reaches either the^top or the bottom of 
the cylinder for an instant all the passages are closed, then it is 
that the operation of the fly-wheel is essential; its inertia carries 
on the action of the lever during the instant that the action of the 
steam ceases ; this is called the dead-lift, and did not the fly-wheel 
overcome the difficulty, the engine might be stopped. 
^ The contrivance by means of which the quantity of steam that 
enters into the cylinder from the boiler is regulated, I shall now 
explain to you. 6 is a valve in the steam pipe c, called the throttle- 
valve : because it enlarges or diminishes the throat or passage in 
order to regulate the quantity of steam, so as to make the piston 
move with the degree of velocity required. 

Caroline. But one would suppose the vaJve must be endowed with 
intelligence to enable it to proportion its aperture to the quantity of 
•team required ? 
Jktrf . B, That intelligence alone belongs to man ; his skill traas^ 

* See Conversations on Natural Philosophy. 
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^18 it mechanically to inanimate matter, in a manner so wonderful, 
that, it is true, it sometimes appears as if it inspired these materials 
with reason. 

- Emily, After having carried our ingenuity so far as to make a 
few pieces of metal, cut out in different forms^ and adjusted together, 
show us the hour of the day, and even call out and tell it to us, we 
can be surprised at no mechanical invention ; and it appeared to me 
quite natural that the Chinese, in Captain HalPs Voyage to Loo 
Choo, should have supposed a watch to have been alive. 

Mrs, B, But to return to the regulator of the steam-engine,—*- 
It was Mr. Watt who first contrived to make this throttle-valve 
self-acting ; by adjusting it so, that when the piston was moving 
with too s^eat velocity it would contract and admit less steam into 
the cyUnderj and thus diminish the speed of the machine. And 
wheuj on the contrary, it was moving too slowly, it would enlarge 
and admit a greater quantity of steam, and thus accelerate its ve- 
locity. 

The two balls a a, Fig; 39 j are so adjusted that the motion of 
the piston makes them revolve round the spindle b. When the 
I)iston moves with proper celerity, these balls, during their revolu- 
tions, will remain at the distance from each other described in the 
plate; but wliat will occur if the velocity of the piston be in- 
creased' 

Emify. If you increase tne cause, the effect will be increased in 
proportion ; the velocity of the balls will b0 accelerated, and their 
centrifugal force consequently augmented, so that they will recede 
further from each other. 

Mrs, B, .Very well; now these balls are connected with the 
Ihrottling-valve 6 by means ai the rods c d, in such a manner that 
when the balls recede from each other, the rods c and d are a little 
elevated, and the valve, which is a thin vane moving upon a pivot, 
presents its face to the stream of steam issuing from the boiler, and 
m 2l great measure opposes its passage by almost closing the pipe. 
When, on the contrary, the piston moves too slowly, the motion of 
|he balls being retarded, and their centrifugal force diminished, they 
tipproach each other, the rods c and d are depressed, and the valve 
tooving on its pivot is turned edgeways towards the steam, and thus 
leaves it a free passage^ This apparatus, which regulates the throt«> 
tie-valve, is called the governor. 

Emily. It is a very ingenious contrivance ; but Mrs. B., there is 
Bomethmg which still perplexes me. The motion of the enda oif 
the lever3)eam is in a curve line, yet the piston must move jup aii4 
down in a straight line •; now, how can a power moving in a curve 
tine nroduce motion in a^traiffht line in another body ? 

Mrs, B. This was attended with some difficulty, but the inde- 
fatigable ingenuity of Mr. Watt discovered a means of overcoming 
it, called the parallel motion. He adiusted a S3rstem of levers, e, f, 
ff, h, in such a manner, that though the lever-l>eam in its rising and 
railing described the arc of a circle, that «€ the piston was rectili- 
near : but this piece of mechanism it would take us much time to 
explaip. 

Emilv, Pray how are the hi^h-pressure engines constructed) 
which nave been described as so dangerous I 

Mrs. B. They act on the same principle as that we have juit 
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ezmiiiied; bat, instead of being fbniished with a oondenser and aiN 
pomp, the steam is allowed to escape from the eylinder into the 
open air ; this commonication with tne atmosphere renders it neoes- 
sarj that the steam should hare a modi greater force than the pres- 
sure of the atmosphere, as it most counterbalance that pressore 
before it can act upon the piston. We know from ejq>enment that 
steam rising from water, heated to the boiling point or the temper* 
atore of 312^ of Fahrenheit, will balance the pressore of the atmoe*- 
phere ; or, which is the same thing, press against the piston with a 
force eqoal to nearly 15 lbs. on every square mch : 2 11^. above this, 

17 lbs. is the force employed in the condensing or low-i>re8sore en- 
^es : hot in those which have no condenser the water in the boiler 

18 heated considerably beyond the boiling point, acqoires a very 
great expansive force, and exerts a proportional pressore on the 
piston ; it is sometimes carried so far as to work the piston with a 
pressore of 60 or 80 lbs. on every square inch. This nimbly elastic 
steam entering alternately at each end of the cylinder, wBl drive the 
piston backwards and forwards notwithstanding the pressore of the 
atmosphere ; and no condenser being osed, the steam escapes through 
a tobe called a waste pipe. It is easy to conceive that the greater 
the elasticity of the steam, the gxeateris the chance of the boiler 
borsting : hot the cheapness of these engines, owing to the mat^ 
plicity of their constroction, and the convenience of occupying a 
eompaiativel? small space, inakes them still occasionally adopt^. 
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Jleetates. Compounds formed by the combination of a base with acetic acid. 

Jleids. Compounds formed by the combination of oxygen with certain elementary 
bodies, forming in general, a class of substances wliich are sour to the taste, 
and which unite with alkalies and metallic oxyds to form salts. 

Jiddides. Substances formed by the natural combination of some acids with a 
quantity of potash. Tlie oxalic and tartaric acids are examples. 

Aeriform fluids. Elastic fluids. Atmospheric air and the gases are of this kind. 
Their aeriform state is owing to the caloric with which their bases are com- 
bined. 

wf^iuty, ehsnUeal. A term used to express that peculiar propensity which substan- 
ces of different kinds hav^ to unite with each other, as acids and alkalies, &c. 

of aggregation. That force is so called by which substances of the same kind 

^ tend to unite, without changing their qualities. 

of composition. That force by which substances of different kinds combine, 

and form a third, which differs from either of the two first, before the conibi- 
nation. Thus muriatic acid and soda form common salt. 

JStbumen. Coagulable lymph. It is contained in animal substances, as the seram 
of the blood. The white of eggs is albumen. 

Alcohol. Rectified spirit of wine. It is always the same, from whatever kind of 
spirit it is distilled. 

AUcahes. Peculiar substances which have a caustic burning taste, and a strong 
tendency to combination, particularly with acids, and wiUi water. 

Alloys. A combination of any two metals, except mercury. Brass is an alloy of 
copper and zinc. 

Amalgam, A mixture of mercury with any other metal. 

Analysis. Separation of the constituent parts of compounds, for the purpose of de- 
tecting their composition. This is done by re-agents. 

Annealing. Rendering substances tough, which before were brittle. The metals 
are annealed by heating them red hot, and then cooling them gradually. 

4rseniates. Salts formed by the combination of a base with the arsenic acid. 

azote. This name is given by the French chemistsLto nibrogent which see. 

B. 

Balsams. Resinous, semi^nid substances, which are olrtained from certain trees 

by making incisions. 
BaromsUr. An instrument which indicates the variations of the pressure of the 

atmosphere, as thermometers do of heat and co!d. 
Base. A term used by chemists to denote the substance to which an acid is united 

to form a salt. TbuB^soda is the base of common salt. 
Bentoates, Salts formed by the union of the bentoic acid with a base. 
Blow-mps. An instrument to increase and direct the flame of a lamp, for the analy- 

SM of minerals, and fbr other chemical purposes. 
Borates, Salts formed by the combination of any base wiUi the acid of borax. 

c. 

Cakareaus^ A chemical term formerly applied to describe chalk, marble, and i^ll 
oiner eomblnatlons of lime with carbonic acid. 

Caieinaium. The application of heat to saline, metallic, or other sabftancee ; lo 
regulated as to deprive them pf moisture, &c. and yet preserve them in a pul- 
verulent form. 

29 
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• CaUric The cbemieal Cenii for tlM matter of bcaU 

. free. Is caloric in a separate state, or, if attached to utber tabetaaee*, ooC 

ek emieatly onhed witb tbem. 

•— laUiU. Is the term made use of to express that poftioo of caloric which is 
cliemically united to any substance, so as to become a port of the said substance. 

Othrimeter, An instnunent for ascertaining tlie quantity ot calmic disengaged 
fhtm any substance tliat may be tbe object of experiment. 

Caiz, An old term made use of to describe a metallic oxide. 

Omphoratet, Salts formed by the combination of any base with the camphork 
acid. 

C^^iUary. A term usaally applied to the rise (^ sap in vegetables, or the rise of 
any fluid in very small tubes ; owing to a peculiar Icind of attraction, called 
capillarv attraction. 

Carbon. The basis of charcoal. 

Carbonates. Salts formed by the combination of any base with carbonic acid. 

Carburets, Compound substances, of which carbon forms one of the constituent 
parts. Thus plumbago, which is composed of carbon and iron, is called car- 
buret of iron. 

Causticitf. The quality, in certain substancex, by which they bum or corrode an- 
imal bodies to which they are applied. It is best explained by tbe doctrine of 
chemical affinity. 

Ckaljfbeate, A term descriptive of those mineral waters which are impregnated 
with ircn. 

Ckareoal. Wood burnt in close vessels ; it Is an oxide of carbon, and generally 
contains a small portion of salts and earth. Its carbonaceous matter may be 
converted by combustion into carbonic acid gas. . 

Chlorine. A name lately given to the substance usually called oxy-muriatic acid. 
Its compounds are called by the name of their bases, with tbe ending of one. 
As phosphorane, sulphurane, &.c. 

Chromates. Salts formed by the combination of any base with the chromic acid. 

Citrates. Salt? formed by the combination of any base with citric acid. 

Coal. A term applied to the residuum of any dry distillation of animal or vegetable 
matters. 

Cohesion. A force inherent in the particles of all substances, excepting light and 
caloric, which prevents bodies from falling in pieces. 

Columbates. Salts formed by the combination of any base with the columbic acid. 

Combination. A term expressive of a true chemical union of two or more substan- 
ces ; in opposition to mere meciianical mixture. 

Combustibles. Certain substances which are capable of combiniftg more or less 
rapidly witb oxygen. They are divided by chemists into simple and compound 
combustibles. 

Combustion. The act of absorption of oxygen by combustible bodies from atmos- 
pheric or vital air. The word decombustion is sometimes used by the French 
writers to signify the opposite operation. 

Crucibles. Vessels of indispensable use in chemistry, in the various operations of 
fusion by heat. They are made of baked earth, or metal, in the form of an in- 
verted cone. 

Crystalliiation. An operation of natnre, in which various earths, salts, and met- 
allic substances, pass from a fluid to a solid state, assuming certain determinate 
geometrical flgures 

CrystalUtation, toater of. That portion which is combined with salts in the act of 
cr>'«talllzing, and becomes a component part of the said saline substances. 

Cupel. A vessel made of calcined bones, mixed with a small proportion of clay 
and water. It is used whenever gold and silver are refined, by melting them 
with lead. The process is called cupellation. 



Decomposition. The separation of tbe constituent principles of compound bodies by 
chemical means. 

Deflagration. The vivid combustion that is produced whenever nitre, mixed with 
an inflammable substance, is exposed to a red heat. It may be attributed io 
the extrication of oxygen from the nitre, and its being tronsferred to tbe Inflam- 
mable body ; as any of tbe nitrates or oxygenized muriates will produce tbe 
same efiect. 

Deligueseenee ofsoUd saline bodies^ signifies their becoming moist, or liquid, Ly nteans 
of water which they absorb from the atmosphere in consequence of their great 
attractions for that fluid. 

Deoxidize ; (formerly deoxidate.) To deprive a body of oxygen. 

DeoxiditemsnU A term made »se of to express that operation by which one sab^ 
stance deprives another substance of its oxygen. It is called unbuming a body 
by the French chemists. 
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DeUnatioji An explosion with noise. It is most commonly applied to the explo- 
sion of nitre, wlien ttirown upon beated cbarcoal. 

Digestion. Tlie effect produced by the continued soaking of a solid substance in a 
liquid, with the application of heat. 

Digester, Papin^e. An apparatus for reducing animal or vegetable substances to a 
pulp or jelly expeditiously. 

DigtiUatioiu A process for separating the volatile parts of a substance from the 
more fixed, and preserving tliem both in a state of separation. 

DuetHiibjf. A quality of certain bodies, in consequence of which they may be drawn 
out to a ceitain length, without fracture. 

Cvl^fication. The combination of mineral acids with alcohol. Thus we have dul- 
cified spirit of nitre, dulcified spirit of vitrol^ &c. 

E. 

Eduleoration, Expressive of the purification of a substance by washing with water. 

Effbrvescenee. An intestine motion which takes place in certain bodies, occasioned 
by the sudden escape of a gaseous substance. 

E^oreseenee. A term commonly applied to those saline crystals which become 
pulverulent on exposure to the air, in consequence of the loss of a part of the 
water of crystallisation. 

ElasUeity. A force In bodies, by which they endeavor to restore* tliemselves to the 
posture from whence they were displaced by an external force. 

Etastie jitdda. A name sometimes given to vapors and gases. Vapor is called an 
elastic fluid \ gas, a permanently elastic fluid. 

Elective attractions, A term used by Bergmann and others to designate what we 
now express by tlie words chemical aflinity. When chemists first observed 
the power which one compound substance has to decompose another, it was 
Mnagined that the minute particles of some bodies had a preference for some 
other particular bodies ; hence this property of matter acquired ttie term elec- 
tive attraction. 

Elements. The simple, constituent parts of bodies which are incapable of decom- 
position ; they are frequently called principles. 

Empweuma. A peculiar, and indescribably disagreeable smell, arising from the 
burning of animal and vegetable matter in close vessels. 

Ethers. Volatile liquids formed by the distillaUon of some of the acids with al- 
cohol. 

Evaporation, The 'conversion of fluids into vapor by heat. This appears to be 
nothing more than a gradual solution of the aqueous particles in atmospheric 
air, owing to4he chemical attraction of the latter for water. 

Eudiometer. An instrument invented by Dr. Priestley for determining the puritv 
of any given portion of atmospheric air. T^ science of investigating the dif- 
ferent kinds of gases is called eudiometry. 

Fermentation. A peculiar spontaneous motion wliich takes place in all vegetable 

matter, when exposed for a certain time to a proper degree of temperature. 
fibrine. That white, fibrous substance wliich is left alter freely washing the 

coagulum of the blood, and which chiefly composes the muscular fibre. 
flowers. In chemical language, are solid, Arv substances, reduced to a powder 

by sublimation. Thus we have flowers of arsenic, sal. ammoniac, of sulphur, 

8tc. which are arsenic, sal. ammoniac, and sulphur, unaltered, except in ap- 

peajmnce, 
FltuUes, Salts formed by the combinaticm of any base with fluoric acid. 
Fliddity, A term applied to aH liquid substances. Solids are converted to flutdf 

by combining with a certain portion of caloric. 
Fhut, A substance which is mixed with metallic ore, or other bodies, to promote 

their fusion ; as an alkali is mixed with silex in order to form glass. 
Fulminatum. Thundering, or explosion with noise. We have fulminating silver. 

fulminating gold, and other fulminating powders, which explode with a loud 

report by friction, or when slightly healed. 
fusion. The state or a body which was solid in the temperature of the atmosphere, 

and is now rendemd fluid by the artificial application of heat. 

G. 

OtUatss, Salts fbtmed by the combination of any base wtth gallic add. 
Oalvamsm, A new science which oflbn a variety of phenomena, retulting from 
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diflbrrat eooducton of «leetricity placed in dUTerent cireuinstuices of coitaet } 
paitiealarly tbe nerves of tbe animal liody. 

Om. All folid nib«unce« when converted into permanently elastic fluida by cal- 
oric, are called p^seg. 

Ommm. Having tbe nature and properties of las. 

Oat^wuUr. A name given to a variety of utensufl and apparatos contrived to meaa- 
nre, collect, preserve, or mix tbe different gases. An apparatos of this kind ia 
also used for tbe purpose of administering pneumatic mediones. 

Odatiau, A chemical term for animal Jelly. It ezisU particularly in the tendons 
and tbe skin of animals. 

CHmUh. a vegetable substance somewhat similar to animal gelatine. It is the 
gluten of wheat flour which gives it tbe property of making good bread and 
adhesive paste. Other grain contains a much less quantity of this nutritioas 
substance. 

Orsm. Tbe smallest weight made use of by chemical writen. Twenty grains 
make a scruple j 3 scruples a drachm; 8 drachms, or 480 grains, make an ounce ; 
19 ounces, or 5760 grains, a pound troy. The avtirditp^ pound contains 7000 
grains. 

GrtMulation. Tbe operation of pouring a melted metal into water, in order to di- 
vide it into small particles for chemical purposes. Tin is thus granulated by 
tbe dyers before it is dissolved in tbe proper acid. 

Grootty, specific. This differs ftom absolute gravity inasmuch as it is the weight 
of a given mtasure of any solid or fluid body, compared with the »amc meoncrs 
of distilled water. It is eenerally expressed by decimals. 

Ounu, Mucilaginous exudations from certain trees. Gum consists of lime, carlMV, 
oxygen, hydrogen, and nitrogen, with a little phosphoric acid. 

H. 

Heatj nuMer nf. See CalorU, 

HermttUaU/y, A term applied to tbe closing of tbe oriflce of a glass tube, so as to 
render it air-tight. Hermes, or Mercury, was formeiiy supposed to have been 
tbe inventor of Chemistry ; henee a tube which was closed for chemical puiw 
poses, was said to be Hermetically or chemically sealed. It is usually done hf 
melting tbe end of the tube by means of a blowpipe. 

Bf/drogtm. A simple substance ; one of the constituent parts of water. 

ga». Solid hydrogen united with a large portion of caloric. It is the light- 
est of all the known gases. Hence it is used to inflate balloons. It was f(«- 
merly called inflammable ahr. 

Buiro-Carhonatea. Combinations of carbon with hydrogen are described by this 
term. Hydro-carbonate gas is procured irom moistened charcoal by distilla- 
tion. 

HjfArogemiied auMtwreta. Certain bases combined with sulphuretted hydrogen. 

/^dro-Qcydas. Metallic oxides combined with water. 

Hy4ronuter$, Instruments for ascertaining the specific gravity of sphrituous liqnoiv 
or other fluids. 

Bffgrometer$. Instruments for ascertaining the degree of moisture in atmospheric 
air. 

Hyperoxygemttd, A tenn applied to substances which are combined with the 
largest possible quantity of oxygen. We have muriatic acid, oxygenized mu- 
riatic acid, and byperoxygenized muriatic acid* The latter can be exhibited only 
in combination. 

I. 

In/UmmaUon. A phenomenon which takes place on mixing certain substances. 
The mixture of oil of turpentine with strong pitrous acid is an instance ot tliis 
peculiar chemical ettecL 

Jnfiision, A simple operation to procure the salts, juices, and other virtues of veg- 
etables by means of water. 

JnUrmeHatea. A term made use of when speaking of chemical afiSniiy. OH. for 
example, has no affinity foT water, unless it be previously combined witn an 
alkali, it then becomes soap, and the alkali is said to be the wrtg nw s rftwm which 
occasions the union. 

K. 

JToIt. A genus of marine plants which is burnt to procure minenl alkali, bj after* 
wtrds lixiviating the ashes 
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Laboratory, A room fitted up wiib apparatus for the performance of chemical op- 
erations. 

Laetatso. Salts formed by the combination of any base with lactic acid. 

I^Jus, Certain colors made by combining the coloring matter of cochineal or of 
certain vegetables, with pure alumine, or with oxide of tin, zinc, &c. 

jjonip, Jlrgand'a, A kind of lamp mach used for chemical experiments. It is made 
on the principle of a wind fUrnace, and thus produces a great degree of light 
and heat without smoke. 

Lou, A glass, convex on both sides, for concentrating the ra^s of the sun. It is 
employed by chemists in fusing refractory substances, which siannot be opera- 
ted on by an ordinary degree of heat. 

tevigaUon. The grinding down of hard substances to an impalpable powde ' on a 
stone with a muiler, or in a mill adapted to the purpose. 

Zatkarge. An oxide of lead, which appears in a state of vitrification. It is d rmed 
in the process of separating silver from lead. 

IdxiviaUon. A fluid impregilated with an alkali or with a Salt. 

lade. A composition for closing the junctures of chemical vessels to present the 
escape of gas or vapor in distillation. 

Id.. 

Jliaeeration. t'hesteepingof asolid body in afluid, in order to soften it, without 
impregnating the fluid. 

Jialates. Salts formed by the combination of any base with malic acid. 

JliaUeabUitv. That property of metals which sives them the capacity of being ez> 
tended and flattened by hammering, u is probably occasioned by latent 
caloric. 

MaooieoU A name given to the yettow oxide of lead^ as minium is applied to the 
red oxide. 

Matraoa, Another name for a bolt-head. 

MeiMiruum. The fluid in which a solid body is dissolvedl Thus water is a men- 
struum for salts, giims, &c. and spirit of wine for resins. 

MttaUic Oxides, Metals combined with oxygen.- By this pro<;<!sS t^ey^^iti.gdiier- 
ally reduced to a pulverulent form ; are changed from combustible to incom- 
bustible substances; and receive the property of being soluble in acids. 

Mmeral. Any natural substance of a metallic, earthy, or saline nature, whether 
simple or compound, is deemed a mineral. 

Mmeraltiers.' Those substances which are combined with metals in their ores; 
such as sulphur, arsenic, oxygen, carbonk acid, &c. 

Mineralogy. The science of fossils and minerals. 

JSnoral fFaters, Waters which hold some metal, earth or salt, in Solution. They 
are frequently termed Medicinal Waters. 

Molybdiates. Salts formed by the combination of any btlse with molybdic aCid. 

Mordants. Substances which have a^cKemical affinity for particular colors : they 
are employed by dyers as a bond to unite the color with the cloth intended to 
be dyed. AInm is of this class. 

Mucilage. A glutinous matter obtained from vegetables, transparent and tasteless, 
soluble in water, but not in spiritof wine. It chiefly consists of carbon and . 
hydrogen, with a little oxygen. 

Munites. Salts formed by the combination of any base with the mucous acid. 

Muffle. A semi-cylindrical utensil, resembling the tilt of a boat, made of baked 
clay ; its use is that of a cover to cupels in the assay furnace, to prevent the 
charcoal from falling upon the metal, or whatever is the subject of experiment. 

Muriates.r Salts formed by the combination of any base with muriatic acid. 

N. 

JVofron. One of the names for mineral alkali, or soda. 

^eutroKte. When two or more substances mutually disguise each other's prop^- 

tiea, they are said to neutralize one another. 
Neutral SaU. A substance formed by the union of an acid with an^lhali, an earth, 

or a metallic oxide, in such proportions as to saturate both the base and the 

acid. 
MUrates. Salts formed by the combination of any base with nitric acid. 
MUrogen. A simple substance, by the French chemists called azote. It enters 

into a variety of compounds, and forms more than three parts in four of atmos-: 

pberieahr. 

29* 
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O. 

Odrnm. VarkNweoaiUiMtkNMoftlMeaitlMwlthozMe,orcaito«tteof ima 
On$» MaullkaftrHis, wliieli frequently coBtaiBMvenl ezti»Be<NUBMtten I flocli 

u MUpbnr, araenlc. Ibe. 
Oscl^te* Belts tanaod by the eoabiBatioB of aay beee with onAe aeU. 
Ostfc Aaj eehitaMe combined with oxyfui, in • p toportiog »ot ndBeler t tot 



To combbie osffea with a body withovt prodoctec acidity. 
OaiihemmA, The opeiation by which aor eobetaace is eombiiied with ozyfen int 

a degree not mifflcieDt to produce acidity. 
OrffMk AiinipleiobftancecomposingthefrflefMCpnit^of water, and part of a^ 

aMtplierie air. 

gm*. OzyfNi conrerted to a gaeeoot etate by caloric U is also called 

▼iUlAir. It foraw nearly one foorth of ataioq»bericai^ 
Ox^geniu, To addUV a substance by oxygen. Synonymoiis with oxygnute ; bn^ 

the former is the better term. 
QsKfMMxssMnt. The production pf addlty by oxygen. 

P. 

PtUUU, A thin skfai which forms on the sqrfhce of saline solutiqBS and other 

liquors, when boiled down to a certain strength. 
PkUguimu An old cliemical name for an imaginary substance, sunrased to be a 

combination of fire with some other matter, and a constituent part of all in« 

flammable bodies, and of many otiier substances. 
PJUgpkaUt. Salts formed by the combination of any base with phosphoric acid. 
P%tpMU§, Salts formed by the combination of any base with phosphorus acid. 
PJkMjpAarcto. Substances (ormed by an union wi|h phosphorus. Thns we hava 

phosphuret (rf* lime, pbosphuretted hydrogen, Jc^ 
rWifiibago* Carburet of iron, or the blmek Uadot commerce, 
Pnmmatie, Any thing relattnc to tbe airs and gases. 
^^— trough, A vessel filled fn part with water or mercunr, fat the purpoaa. 

of collecting gases, so thi^ they may be readily removed nom one vessel to 



■ ■T ■ «-^7 ■■!■■ r which, having been dissolved in a fluid, Mis to the bot- 
tom of tbe vessel, on the addition of some other substance capaUe of producing 
a decomposition of tbe compound, in consequence of its attraction either foe 
tbe menstruum or for tbe matter which was before held in solution. 
PredfittOion. That chemical process by which bodies dissolved, mixed, or stts> 

Ended in a fluid, are separated from that fluid, and made to gravitate to tha 
ttom of the vessel. 

Pru§9iate». Salts fcvine^ by tbe coml|ioatfon of any base with prussic acid. 

Puir^aetion, The last fermentative process of nature, by which organised bodies, 
are decomposed so as to separate their principles, for the purpose of rouniting 
them by fhtare attractions, in the production of nfw compositions. 

Pyrite*. An abundant mineral found on the English coasts, and elsewhere. Some 
are sulphurets of iron, and others sulphurets of copper, with a pcntion of alu- 
mlfte and silex. The fonqer are worked for tbe sake of the sulphur, and Uml 
latter for sulphur and copper. They are also called Marpasites and rire-stone. 

. martial. That species of pyrites which contains iron for its basis. See a 

Aill account of these minerals in HenckePs Pvritolocia. 

PyrotMter. An instranfent invented by Mr. Wedgwood for ascertaining the de- 
grees of heat in furnaces and intense flres. See Philosophical Transactions, 
vol. Ixii. and Ixiv. and Chemical Catech. 

Pfropkori. Compound substances which heat of themselves, andtake fire on the. 
ad mission of atmospheric air. See an account of. a vkriety of experiments with, 
these compositions in Wieglib's Chemistry, 4tp. p. 6SS9, (8tc. 

Q> 

Q,uaHt. A name given to a variety of siliceous earths, mixed'with a small nortioa. 
of lime or alumlne. Mr. ICirwan confines the term to th^ jwrsr kind ot silex 
Kock crystal and tbe amethyst are species of quartz. 

R. 

RaHeaU, A chemical term for EUmeiUs of bodies ; which see. 

'-r-. c^mpwnd. When the base of an acid is composed of t w« or s^ora 
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€68, it it Mdd that the acid is formed of a wmp^und ndical. The nilpbarit 
acid is formed with a rimpU radical : bat the vegetable acids, which have rad- 
icals composed of hydrogen and carbon, are said to be acids with compound 
radicals. 

^§afmu». Substances which are added to mineral waters or liquids as tests to dis- 
cover their nature and composition. 

JKseetocr*. Globular glass vessels adapted to retorts for the purpose of preserving 
and condensins the volatile matter raised in distillation. 

Vseti^eatMm, is notliing more than the re-distilling a liquid to render it more pare» 
or more concentrated, by abstracting a part of it only. 

Rtiuetion. The restoration of metallic oxides to their original state of metals ; 
which is usually effected by means of charcoal and fluxes. 

H^iMing. The process of separating the perfect metals fiom other metallic substan- 
ces, by what is called cupellation. 

f^^Hgeratory^ A contrivance of any kind, which, by containing cold water, bob- 
wers the purpose of condensing the vapor or gas that arises in distillation. A 
worm-tub is a refrigeratory. 

R^ruhu. In the chemical acceptation, signifies a pure metallic sal>stance, fireed 
Arom all extraneous matters. 

l^ijpiiMoii. A principle whereby the particles of bodies are prevented from con^ns 
in actual contact. It is thought to be owing to udorie, which has been called 
the repulsive power. 

IKcmw. vegetable juices concreted by evaporation either spontaneously or by fire. 
Their character is solubility In alcohol, and not in water. It seems that tlie> 
owe their solidity chiefly to their union with oxygen. 

tUtorL A vessel in the shape of a pear, with its neclc bent downwards, used in 
distillation ; the extremity of which neck fits into that of another bottle, called 
a receiver. 

Jtotk-erystal, Crystallized silez. 

S. 

Studulates, SiUts formed by the combination of any base with saccholactic acid. 
SaHfiiObU bases. All the metals, alkalies and earths, which are capable of combia 

ing with acids, and forming salts, are called salifiable bases. 
Salhu. Partaking of the properties of salt. 
SaUtf neutral. A class of substances formed by the combination to saturation <^aa 

acid with an alkali, an earth, or other salnlabl& base, 
"rr— triple. Salts formed by the combination of an acid with two bases or radicals.. 

The tartrate of soda and potass (Rochelle salt) is an instance of this kind of 

combination. 
I^^^onaceeus. A term i^ppUed to any substance which ia of the nature or appear- 
ance of soap. 
Saturation. The act of impreffnating & flnid with another substance, till no more- 

can be received or imbibed. A fluid which holds as much of any substance as 

it can dissolve,, is said to be saturated with that substance^ A solid may in the* 

same way be saturated with a fluid. 
S^bates. Salts formed by the combination of any base with sebacic acid. 
Semi-metal. A name formerly given to those metals, which, if exposed to the fire,. 

are neither malleable, ductile, nor fixed. It is a term not used by modern 

chemists. 
SiUeeous earths. A term used to describe a variety of natural substances, which: 

are composed chiefly of silex ; as quartz, flint, sand, &c. 
Simple substances. Synonymous with Elements ; which see. 
SmsUinff. The operation of fusing ores for the purpose of separating the metal» 

they contain, from the sulphur and- arsenic with which they are mineralized,. 

and also from other heteroseneous matter. 
Sohaion. The perfect union of a solid substance with a fluid. Salts dissolved itt 

water are proper examples of solution. 
Sjpars. A name formerly given to various crystallized stones ; such as the fluor 

spar, the adamantine spar, &.c. These natural substances are now distinguish- 
ed by names which denote the nature of each. 
Stalactites. Certain concretions of calcareous earth, found suspended like icicles 

in caverns. They are formed by the oozing of water, through the crevices, 

charged with this kind of earth.. 
Steatites. A kind of stone composed of silex, iron^ and magnesia. Aiso called 

French chalk, Spanish cbalk<and soaprrook. 
Sttb-salts. Salts with less acid than is sufficient to neutralize thehr radicals. 
Suberates. Salts formed by the combination of any base with the suberic acid. 
fubUmatian. A process whereby certain volatile substances are raised by heat,, 

and again condensed by cold into a solid form. Flowers of sulphur are mad*- 

in tliis way. The soot of our common fires is aihmiliar instance of. this btoy 
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AtfMiiate*. Salts fbraied by the combination of any base with succinic acid*. 

Bmhhatet, Salts formed by the combination of any base with the 8ulpfa**uc aeld. 

Mpkiu: Salts formed by the combination of any base with' the solpfanrons acid 

Sufyhures and Sulphurets. Combination of alkalies or metals with sulphur. 

Smphuretted, A substance is said to be sulphuretted, when it is combined with 
sulphur. Thus we say sulphuretted hydrogen, ice. 

Bnper-Mttt. Salts <vith an excess of acid, as the supertartrate of potass. 

SytUhetit. When a body is examined by dividing it into its component parts, it ia 
called analysis ; but when we attempt to prove the nature of a substance bf 
the Motion of its principles, the operation is caltod ^nthesis.. 



TartraUs. Salts formed by the combination of any base with the acid' of: tartar. 
Temperature. The absolute quailtily of free caloric which is attached to any body, 

occasions the degree of temperature of that body. 
Test. That part of a cupel which is impregnated with litharge in the operation of 

refining lead. It is also the name of whatever is employed in chemical exper- 

imerits to deteet the ingredients of any composition. , 
Test-papers. Papers impregnated with certain chemical re-agents: such as litmus, 

tMrmeric, radish/ Sec. They are used to dip into fluids, to ascertain, by a change 

of colors, the presence of acids and alkalies. 
Thtrmometer. An instrument to show the relative heat of bodies. Fahrenheit^ 

thermometer is t^iat chiefly used in England. Other thermometers are used in 

different parts of Europe. 
Tinetures. Solutions of substances in spirituous menstrua. 
TViXurdion. A chemical operation, whereby substances are united by friction' 

Amalgams are made by this method. 
Tubvlaied. Retorts which have a liole at the top for inserting the materials to be 

operated upon without taking them out of the sand heat, are called tuAulatsd- 

retorts. 
Tungstates. Salts formed by the combination of any base with tungstic acid. 

F. 

Umonf chemical. When a mere mixture of two or more substances is made, they 
are said to be mechanically united ; but when each or either substance forms 
a.componeAt part of the product, the substances have formed a chemical union. 

V. 

Vacuum. A space unoccupied b^ matter. The term is generally applied to the 

exhaustion of atmospheric air by chemical or philosophical means. 
Vapor. This term is used by chemists to denote such exhalations only as can be 

condensed and rendered tiquid again at the ordinaiy atmospheric temperature^ 

in opposition to those which are permanently elasti&i 
Vital air. Oxygen gas. The empy rial or fire^air of Scheelfc, and the dephlogistica- 

ted air of Priestly. 
Vitrification. When certain mixtures of solid substances, such as silex and alkali, 

are exposed to an intense heat, so as to be /used, and become glass, they are 
. then said to be vitrified, or to have undergone vitrification. 
I'itriols. A class of substances, either earthy or metallic, which are combined witk 

the vitriolic acid. Thus there is vitriol of lime, vitriol of iron, vitriol of copper, 

&.C. These salts are now called sulphates, because the acid which forms them 

is called sulphuric acid. 
Vitriolated Tartar. The old name for sulphate of potass. 
Volatile Alkali. Another name for ammonia. 
Volatile Salts. The commercial name for carbonate of ammonia. 
Volatility. A property of some bodies which disposes them to assume the gaseous 

state. This property seems to be owing to their affinity for caloric. 
Volume. A term made use of by modern clieraists to express the space occupied by- 

gaseous or other bodies. 

w. 

Water. The most common of all fluids, composed of 85 parts oxygen, and 15 of 

hydrogen. 
' mineral. Waters which are impregnated with mineral and other substances^ 
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are known by this appellation. These minerale are generally beld in solution 
by earbonie, sulphuric, or muriatic acid. 

IF^, d/ry. A term used by chemical writers when treating of analysis or decom- 
position. By decomposing in the dry way, is meant, by the agency of dre. 

fTajf, hwnid. A term used in the same manner as the foregoing, but expressive of 
decomposition in a flaid state, or by means of water, and chemical re-agents, 
or tests. 

Welding Heat. That degree (rf* heat in which two pieces of iron or ot platina may 
be united by hammering. 

ffolfiram. An ore of tungsten, containing also manganese and iron. 

Worm-tub. A chemical vessel with a pewter worm fixed in the inside, and in the 
intermediate space filled with water. Its use is to cool liquors during distil- 
lation. 

9fou^e*9 apparatus. A contrivance for distilling the mineral acids and other gas- 
eous substances with little loss ; being a train of receivers with safety-pipes, 
and connected together by tubes. 

Zqgre. An oxide of cobalt, mixed with a portion of siliceous matter. It is import- 
ed in this state from Saxony. 

Zero. The point from which the scale of a thermometer is graduated. Thus Cel- 
sius's and Reaumur's thermometers have their zero at the /reeztiu' point, while 
the thermometer of Fahrenheit has its zero at that point at whicli it stands 
—»,-.„ j'v.mPMed in a mixture of snow nn>i rorr.m^»» c-f.t* 
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LIST OF EXPERIMENTS. 



In making up the following list of ezpeiiments I have been care- 
ful in general to select such as can -be made with safety to the 
young student ; where this is not the case, the caution is mention- 
ed. Most of them require but very simfde apparatus. Where any 
experiment illustrates the text, a reference is made to the page. — 
Some of them are original, others are borrowed. I have not, how- 
ever, deemed it necessary to cite authors. 

1. To show that heat is not absorbed, but reflected by polished 
metallic sur&ces, hold a common new tin pan before the fire. The 
pan will remain cold. See p. 41. m 

2. To show the power of a blacK surface to absorb caloric, 
smoke or paint a black spot of the size of a doUar on the bottom of a 
tin pan, and hold it towards the fire. On touching this spot, it will 
be found hot, while the parts around it remain cold. See p. 4Q, * 

3. To make the upper pait of a vessel of water boil while there 
is a cake of ice at the bottom. Into a glass tube put water enough 
to occupy two inches. Freeze this, so as not to burst the iuSe, 
with a freezing mixture, or by exposure to cold in winter. Then 
fill the tube nearly full of water, and wind a flannel cloth several 
times around the part containing the ice, so that the heat of the hand 
wiU not melt it. Then hold the tube in an oblique direction over 
a lamp, so as to heat the water an inch or two above the ice. The 
water wiU soon begin to boil, and by raising the tube a little at a 
time, it will boil almost at the surface of the ice without melting it. 
See p. 62. 

4. To show that some of the metals conduct caloric better than 
others, procure wires of the same size and length, of g^old, silver, 
copper, iron, zinc, tin, &c. The wires may be 12 or 14 mches long. 
Coat one end of each with bees wax, and put the other ends into a 
vessel of hot water. The wax will melt fi±st on the metal which is 
the best conductor, and the comparative conducting powers are cal- 
culated by the difference of time between the meltmg of the wax on 
each. See p. 61. 

6. The conducting powers of different substances in regard to 
caloric, may be much more sensibly elucidated, by touching in cold 
weather, a metal with one hand, a piece of cork, wood or cloth 
with the other. Here the sensation of cold to the hand which 
touches the niotal, is owing to the power which all metals have of 
conducting off heat more rapidly, than any other class of substan- 
ces. See p. 49. 

6. To show that evaporation carries off caloric, moisten the bulb 
of a thermometer tube vnXh either, by means of a hair pencil. The 
mercury immediately begins to fall, and if the process be continu- 
ed, may be brought down to the freezing point, even in warm 
weather. Whenever a ijuid substance is converted into vapor, it 
absorbs a quantity of caloric. In the present case, tha ether takes 
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from the bulb of the thennometer, the caloric necessary to give h 
the elastic form. Therefore, every new application of the ether 
carries off successiye portions of heat, and the mercury continues 
to sink, until the bulo becomes so cold, as to absorb caloric from 
the surrounding air, faster than it is carried of by the eyaporation. 
This is the reason why the mercury cannot be depressed below a 
certain point by evaporation. The ether, although it assumes the 
elastic form, does not receive the caloric necessary for this purpose 
from the thermometer, but from the surrounding air. See p. 73. 

7. To demonstrate that fluids boil at comparatively small degrees 
of heat, when the pressure of the atmosphere is taken off, about 
half fill with water a small retort, or Florence flask (common oil 
flask,) and let it boil over a lamp. When the upper part is filled 
wdth steam, take it from the lamp, and instantly cork it air tight. 
If now it is put into cold water, it begins to boil violently. If taken 
out of the water, it stops boiling, and this may be done many times. 
This curious method of making water boil by the application of 
cold, is easily accounted for. When the flask is put into cold wa- 
ter, the steam with which it was filled is condensed, and returns 
again to water. This leaves a vacuum, in which water is convert- 
ed into steam, or boils at a much lower temperature than in the 
open air. See p. 58. 

8. If the above experiment is made by means of a small retort, a 
very curious circumstance may be observed. When the water is 
cold, and consequently nearly a perfect vacuum is formed, if the re- 
tort is shaken, there is produced a sharp rattling noise, as though it 
contained shot, instead of water, so that one would suppose by the 
noise that the retort would be broken into a thousand parts at eve- 
ry motion. This is o\idng to the weight with which the water falls 
upon the glass, when there is no air to impede its motion. See p. 64. 

9. Into a thin glass vessel pour an ounce or two of water, and 
then pour in two drams of sulphuric acid ; the glass will instantly 
become too hot to be held in the hand. The experiment elucidates 
the doctrine of latent heat. On mixing these two fluids, a chemic- 
al combination takes place between their particles, in consequence 
of which, caloric is extricated at the same time their bulk is dimin- 
ished. This also illustrates Dr. Black's law, that when substances 
pass from a rarer to a denser state, caloric is given out. If one 
measure of sulphuric acid, and one of water, be mixed together, 
the mixture will not again fill the measure twice. See p. 77. 

10. To produce nitrogen, take a bell glass or large tumbler, and 
invert it over a short taper, set in a shallow dish of water. The ta- 
per bums until it absorbs all the oxygen contained in the air under 
the bell glass. What remains is nitrogen. If now, a lighted taper 
be put under the bell glass, it will be instantly extinguished, show- 
ing the absolute necessity of oxygen for the support of combustion. 
See p. 100. 

11. The formation of water by the burning of hydrogen may be 
shown thus : Take a Florence flask, and pour into it half a pint of 
water, then put in about an ounce of ^pranulated zinc, or the same 
quantity of iron filings, and then pour m half an ounce by measure 
of sulphuric acid. Have ready a cork, pierced with a burning iron, 
and the stem of a tobacco pipe passed through the aperture. Afler 
putting in the acid, put the cork in its place, and-fix the flask up- 
right by setting it in a bowl, surrounded by a cloth to make it stand 
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op Mid pierent its bieakkiff. Am the hydrogen is foimed, it issaes 
tnroagh the stem of die tobacco pipe, at the end of which it is to be 
fixed. If now a glass tube two or three feet long, and an inch or 
two wide, be passed on to the stem so as to irdade the flame within 
its bore, the tube, in a few moments, will be covered on the inside 
with moisture. See p. 109. 

If the orifice of the tube is quite small at the end where the gas 
is fired, the abore experiment serves to produce the musical tanes,^-' 
See p. 118. 

12. An exhibition of gas light may be made as follows : — ^Into the 
bowl of a common toba^ pipe put a piece of mineral, or what is 
called sea coal, and cover the coal closely with clay. When the 
clay is dry, place the bowl in the fire and heat it slowly. In a few 
minutes the gas, called carbureUed hydrogen will issue firom the 
end of the pipe stem ; set fire to it with a candle, and it will bum 
with a beautiful bright flame. This is the gas with which the streets, 
factories, &c. are lighted in many of the European cities. 

In the absence of mineral coal, a walnnt, small piece of pine 
knot, or butternut meat, &c. may take the place of coal. See p. 
120. 

13. The following gives an example of the manner in which sul- 
phuric acid is formed. 

Mix with a small quantity of the flowers of sulphur, about one 
fifth part of finely pulverized nitre. Make a stand by hollowing 
with a hammer a large button, and attaching wire to uie eye, for 
feet, so that the button will be two inches high ; or, by any other 
means, place the sulphur and nitre about this height in a shallow 
dish, containing an mch or two of water. Set fire to the mixture 
with a hot iron, and immediately invert over it a bell glass, or lar^ 
tumbler. The sulphur as it bums, absorbs oxygen from the air 
contained under the bell glass, in a proportion which would consti- 
tute sulphurous acid. At the same time, the heat which this pro- 
cess occasions, compels the nitre to give out another proportion of 
oxygen, wliich is absorbed by the sulphurous acid, and this addi- 
tional quantity of oxygen constitutes sulphuric acid. See p. 130. 

14. Take three parts of nitre, two of potash, and one of sulphur, 
and mix them intimately, by rubbinff in a mortar. This compound 
is called /u^'no^'n^ powder. On placing a little of it on a shovel 
over a hot fire, it explodes with great violence, and with a peculiar- 
ly stunning report. 

The combustion o( phospkuretted hydrogen in oxygen ^as, af- 
fords one of the most striking and beautiful among chemical exper- 
iments. It is done as follows : Take some phosphuret of lime, wrap 
it in a paper and push it under a vessel, as a wide mouthed vial, fil- 
led with water, and inverted on the shelf of the water bath. As soon 
as the water penetrates through the paper so as to wet the phosphu- 
ret of lime, bubbles of phosphuretted hydrogen begin to rise up 
through the water. While this is going on, fiO a strong glass vessel 
as a tumbler, or a piece of thick class tube stopped at one end with 
oxygen gas. Invert this also on £e shelf of the water bath. When 
the phosphuretted hydrogen is collected, take the vessel containing 
it in one hand, and that containing the oxygen in the other ; brini( 
tho mouth of the former, by sinkmg it deeper in the water, under 
the edffe of the latter vessel, then by carefully depressing the bot- 
tom of the vessel containing the phosphuretted hydrogen, let up a 
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bubble at a time into- the oxygen ffas. If this experiment is made 
in a darkened room, the flashes of light appear astonishingly iqvid 
and beautiful. See p. 135. 

16. Take six or eight grains of osy-mariate of potash, put it into 
a mortar and drop in "with it about a grain of solid phosphorus, cut 
into two or three parts ; then rub them together with a pestle. — 
Very violent detonations are produced by these small quantities. 
It is best, therefore, not to use more than is here mentioned at a 
time. The hand, holding the pestle, ought always to be protected^ 
with a fflove or handkerchief. 

17. To make liquid phosphorus, take an ounce vial and half fill it 
with olive oil, put into the oil a piece of phosphorus of the size of a 
•pea: gradually heat the bottom of the vial, until the phoshorus is 
melted, taking care to keep the thumb on the mouth ; then cork 
it air tight. If this vial is first shaken, and then^the cork be taken 
out, it becomes luminous, first near the mouth and gradually down 
to the oil, at the bottom. The light which a bottle prepared in this 
way gives, particularly if warmed, by holding it in the hand, is suf- 
ficient to tell the hour of night by a watch. This luminous ap- 

^pearance, when the cork is removed, is owing to the union of the 
oxygen of the atmosphere with the phosphorus. It is slow com- 
bustion, attended with light, and most probably with some heat. 

18. If drawings be made on silk with a solution of nitrate of sil- 
ver, and the silk first moistened, is exposed to a stream of hydro- 
gen gas, or in any other way exposed to the action of this gas, the 
metal is instantly revived, and the silk is covered with figures of 
silver. — See p. 165. 

19. If a few drops of a solution of nitrate of silver in water, be 
placed pn a bright surface of copper, the silver is revived, and gives 
the copper a brilliant white coat of that metal. This is explained 
on the principle of affinity. The copper has a stronger attraction 
for the acid which composes a part of the nitrate of suver, than the 
silver itself has. Therefore it attracts the acid from the silver, in 
consequence of which this is received, and at the same time pre- 
cipitated on the copper. See p. 155. 

20. Take a little of the white arsenic of the shops, and mix it 
with some finely ground charcoal; put the mixture into a small 
^lass tube closed atone eiid, and expose the part where the mixture 
IS to a moderate degree of heat gradually raised ; the arsenic will 
be received, and wul attach itself to the upper part of the tube, giv- 
ing it a brilliant metallic .coat like quicksilver. The arsenic may 
be preserved in this state by stopping Up the tube. See p. 155. 

21. Dissolve a tea-spoonful of sugar of lead in a quart of rain 
water. Put this into a decanter, or white glass bottle, and suspend 
in it by means of a string, a piece of zinc. The zinc decomposes 
the acetate of lead by depriving it of its oxygen ; the consequence 
is, that the lead is precipitated in the metallic state, on and around 
the zinc, and forms a brilliant tree of metal. 

22. Pour a solution of nitrate of silver into a glass vessel, and im- 
merse a few slips of copper in it. In a short tune, a portion of cop- 
per will be dissolved, and all the silver precipitated, in a metaluo 
form. If the solution which now contains copper be decanted into 
another glass, and pieces of iron added to it, this metal will then be 
dissolved, and the copper precipitated, yielding a striking instanoe 
of peculiar afiinities. See p. 176. 

30 
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23. Irory may oe coated with silrer, by the following' prooesf : 
Make a strong solution of nitrate of silver in pore water ; into thi9 
immerse a piece of ivory until it turns yeUow ; then take it out and 
immediately plunge it into a vessel of distiUed water exposed to the 
direct rays of the sun until it turns black. On rubbing it gently it 
will appear covered with a brilliant coat of silver resembling a bar 
of that metal. This curious e^ct is owin^ to the solar light wlydi 
decomposes the nitrate of silver, by takmg the oxygen from it, 
which flies off in the form of oxygen gas. 

24. Through a vessel of lime water, recently made, pass bubbles 
of carbonic acid gas by means of a bladder and tube, theEme water 
instantly becomes white and turbid, and finally deposits a quantity 
of carbonate of lime in the form of powdered chalk. If now the 
water be evaporated, a white powder remains which effervesces with 
acids. » If this powder is put mto a retort, and sulphuric acid diluted 
with water, is poured upon it,, the beak of the retort being under a 
vessel filled with water, the carbonic acid is again obtained, and 
the salt remaining in the retort will be sulphate of lime or gypsum. 

26, Mix one part oi nitric flrctW with 6 or 6 parts of water m a vial; 
into this put some copper filiogs, and in a few moments pour off the 
liquid ; it will be colorless. If now there be added some liquid 
ammonia, another colorless fluid, the mixture becomes of an in- 
tense and beautiful blue. Hence ammonia is a most delicate test 
for the presence of copper, with which it strikes a deep blue color. 
See p. 187. 

26. Put into a vial of pure water a few drops of the tincture of 
nut galls,, made by steeping the galls in water; into another vial of 
pure water put a ^rain or two of the sulphate of iron. If these col- 
oriess fluids are mixed, they instantly become black. Tincture of gall& 
is a most delicate test for the presence of iron, with which it strikes 
a black. These two substances form the basis of ink. See p. 187. 

27. Take two small glass jars, or tumblers, and fill one with car- 
bonic acid gas, and the other with oxygen gas. Have them set up- 
right with a cover on each. If a lighted taper be plunged into the 
vessel containing the carbonic acid, it is extinguished instantly ; but 
if it is immediately -plunged into the other jar containing the oxy- 
gen, it is as instantly lighted with a sort of explosion. See p. 236. 

28. Put eight or ten grains of oxy muriate of potash into a tea-cup, 
and then pour in two or three drachms of aJcohoL — If now about 
two drachms of sulphuric acid is added, the mixture begins to dart 
forth little balls of blue fire, and in a minufe or two the whole bursts 
into flame. The alcohol is inflamed by the chlorine which is set 
free from the salf, in consequence of the combination which takes 
place between the potash and the sulphuric acid. See p. 236. 

29. Into a glass tube half an inch or an inch wide, two or three 
inches long, with a bulb at the end, put a grain or two of iodine. 
Warm the tube, (but not at that part where the iodine is,) and im- 
mediately cork it tight r the tube remains colorless, there being 
only a few Httle specks here and there. If at any time the tube be 
warmed at that part where the iodine is, it is instantly filled with a 
gas of a most beautiful violet color. If care is taken to keep the 
tube well closed, so that the iodine does not escape, when it takes 
the form of gas, this effect will always be produced whenever the 
tube is warmed. A tube with two bulbs, Uko what is called a pdm 
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floss ^ containing the iodine hermetically sealed, would be better, 
uch a little apparatus would be quite a curiosity to those who ^o\7 
nothing of the nature of iodine . See p . 238. 

30. Write on paper with a solution of the nitrat of silver, taking 
«are not to have it so strong as to destroy the paper. So long as it 
is kept in the dark, or if the paper be closely ^Ided, the writing re- 
mains invisible ; but on exposure to the rays of the sun the charac- 
ters turn yellow, and finally black, so that the^ are perfectly legible. 

Mr. Accum says, that this change of color is owing to the partial 
reduction of the oxyde of silver, from the liglit "expelling a portion 
of its oxygen : the oxyde therefore approaches to the metallic state ; 
for when the blackness is examined with a deep, or powerful mag- 
nifier, the paroles of metal may be distinctly seen, 

31. Write on paper with a dilute solution of common sugar of 
lead ; the writing will remain invisible. But on moistening the lines 
with a pencil, or feather dipped in water impregnated with sul- 
phuretted hydrogen^ the metal is revived, and the Tetters appear in 
metallic brilliancy. 

The author above cited, says, that in this instance, the hydrogen 
of the sulphuretted hydrogen gas, abstracts the oxygen from the ox- 
ide of lead, and causes it to re-approach to the metallic state; at 
the -same time, the sulphur of the sulphuretted hydrogen gas com- 
bines with the metal thus regenerated, and converts it into a su4- 
phuret which exhibits the metallic color. 

32. Write on paper with a solution of the sulphate of copper. If 
this is strong, the writing will be of a faint green color : if weak, 
<he characters are invisibie. On holding the -paper over a vessel 
containing some liquid of ammonia, or if it be exposed to the action 
of this gas in any other way, the writing assumes a beautiful blue 
color. On exposing the paper to the sun, the color disappears, be- 
cause the ammonia evaporates. 

33. Put a small piece of phosphorus into a crucible, cover it close- 
ly with common chalk, so as to fill the crucible. Jjct another cru- 
cible be inverted upon it, and both subjected to the fire. When the 
whole has become perfectl]^ red hot, remove them from ijae fire, and 
when cold, the carbonic acid of the chalk will have been decom- 
posed, and the Black Charcoal, the basis of the acid, may be easily 
perceived amongst the materials. 

34. Into a large glass jar inverted upon a fiat brick tile, and con- 
taining near its top a branch of fresh rosemary, or any other such 
shrub moistened with water, introduce a fiat, thick piece of heated 
iron, on which place Bome gum benzoin in gross powder. The ben- 
zoic acid, in consequence of the heat, will be separated, and ascend 
in white fumes, which vtdll at length condense, and form a most 
beautiful appearance upon the leaves of the vegetable. Ttim will 
serve as an example of Sublimation^ 

35u Mix a little acetate of lead with an equal portion of snlphate 
of ainc, both in -fine powder ; «tir them together with a piece of 
glass or wood, and no chemical change will be perceptible ; but if 
they be robbed together in a mortar, the two sofids will operate on 
each other ; an IntiBiAle union will take place, and -a fluia will h^ 
produced. If alum or Glauber salt be «ied instoacd of ^sulphate of 
uno, the experiment will be equally successful. 

36. If Uie leaves of a plant, fresh gathered, be placed in tl» son^ 
very pure oxygen gas may be collected. 
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37., Put a little fresh calcined magnesia in a tea-cnp apon the 
hearth, and suddenly pour over it as much concentrated sulphuric 
acid as will cover the magnesia. In an instant sparks will be thrown 
out, and the mixture will become completely ignited. 

38. If a few pK>unds of a mixture of iron fihngs and sulphur be 
made in paste with water, and buried in the ground for a few hours, 
the water will be decomposed with so much rapidity, that combus- 
tion and flame will be the consequence. 

39. For want of a proper fflass vessel, a table spoonful of eiher 
may be put into a. moistened bladder, and the neck of the bladder 
doeely tied. If hot water be then poured upon it, the ether will 
expand, and the bladder become inflated. 

40. Procure a phial with a glass stopper accurately ground into 
it ; introduce a few copper filings, then entirely fill it with hquid 
ammonia^, and stop the phial so as to exclude all atmospheric air. 
If left in this state, no solution of the copper will be effected. But if 
the bottle be afterwards left open for some time, and then stopped, 
the metal will dissolve, and the solution will be colorless. Let the 
stopper be now taken out, and the fluid will become blue, beginning 
at the surface, and spreading gradually through the whole. If this 
blue solution has not been too long exposed to the air, and fr«sh 
copper filings be put in, a^ain stopping the bottle, the fluid will once 
TP'xre be deprived of its color, which it will recover only by the re- 
a( mission of air. These effects may thus be repeatedly produced. 

41. If a spoonful of good alcohol and a little boracic acid be stir- 
red together in a tea-cup, and then set on fire, they will produce a 
beautiful green flame. 

43. AUoy apiece of silver with a portion of lead, place the alloy 
v:pon a piece of charcoal, attach a blow-pipe to a gasometer, charg- 
i«i with oxygen gas, light the charcoal first with a bit of paper, and 
):eep up the neat by pressing upon the machine. When the metals 
l^et into complete fusion, the lead will begin to bum, and very soon 
will be all dissipated in a white smoke, leaving the silver in a state 
of purity. This experiment is designed to show the fixity of the 
noble metals. 

43. Bum a piece of iron wire in a deflagrating jar of oxygen gas, 
and suffer it to bum till it goes out of itseOT. Ifa lighted wax taper 
be now let down into the gas, this will bum in it for some time, and 
then become extinguished. If ignited sulphur be now introduced 
this will also burn for a limited time. Lastly introduce a morsel of 
phosphoms, and combustion will also follow m like manner. These 
^}^periments show the relative combustibility of different substances. 

44. bipp a piece of phosphorus, about the size of a pea, into a 
tumbler of hot water, and from a bladder, furnished with a stop 
cock, force- a stream of oxygen gas directly upon it. This will af- 
ford the most briUiant combustion under water that can be imagined 

45. Take an amalgam of lead and mercury, and ano^er amal- 
gam of bismuth, let these two solid amalgams be mixed by triture, 
and they will instantly become fluid. 

46. Lito distilled water drop a little spirituous solution of soap, no 
chemical eflfect will be perceived ; but if some of the same solutioii 
be added to hard water, a milkiness will immediately be rapdoced, 
more or less, according to the degr^ of its ipipurity. This is a- 
good method of ascertaining the purity of spring water. 
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47. To silver, copper or brass. — Clean the article intended to be 
eilrered^ by means of dilute nitric acid, or by scouring it with a 
mixture of commoh salt and alum.- When it is peifectly bright, 
moisten a litde of the powder, known in commerce by the name of 
nlverinff powder, with water, knd rub it for some time on the per- 
fectly clean surfece of copper, or brass, which will becomie covered 
with a coat of metallic silver. It may afterwards be polished with 
soft leather. 

The silvering i>owdet is prepared in the following manner : Dis- 
solve some silver in nkrio acid, and put piec^ of cOppet into the so- 
lution : this will thrbw down the silver in a 6tate of metallic powder. 
Take fifteen or twenty grains of this powder, and mix with it two 
drachms of acidulous tartarite of potash, the same quantity of com- 
mon salt, and half a drachm of alum. Another method : Precipi- 
tate silver from its solution in nitric acid by copper, ad before ; to 
half an ounce of this silver, add common salt and muriate of ammo- 
nia, of each two ounces, and one drachm of c(»rrosive Sublimate ; 
rub them together, and make them into a paste with water. With 
this, copper utensils' mtended to be silvered, that have been previ- 
ously boiled with acidulous tartarite of potash and alum, are to be 
rubbed ; after which they are to be made red hot and polished. 

48. To prove that the air of the atmosphere always contains car- 
bonic acid This may be shown by simply pouring any quantity of 
bary tic water, or lime water, repeatedly from one vessel iritor an- 
other. The barytic water when deprived of the contact of air, is 
perfectly transparent ; but it instantly becomes m^y, and a white 
precipitate, which is /Carbonate of barytes, iis deposited, when 
brought into contact with it for a few minutes only. 

The (quantity of carbonic acid contained in the atmosphere, sel- 
dom vanes except in the imcfiediate vicinity of places where respi- 
ration and combustion are going on in the la^ge way, and is about 
one hundredth part. 

30* 
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Absorbsnt vessels, 398 
Absorption of caloric, 40, 45 
Acetic acid, 252, 253 
Acetous fennentatioii, 267 

acid,.253 
Acidulous gaseous mineral wa- 
ters, 226 

salts, 254 
Acids, 202 
Aeriform, 31 
Afltoity, 23, 174. 
Agate, 195 
Agriculture, 274 
Air, 95 

Albumen, 287 
Alburnum, 283. 
Alchemists, 15. 

Alcohol, or spirit of wine, 259 
Alembic, 127 
Alkalies, 181 
Alkaline earths, 182, 194 
Alloys, 162 
Alum, or sulphatof alumine, 196. 

212 
Alumine, 196 
Alumium, 19 
Amalgam, 163 
Ambergris, 320 
Amethyst, 197 
Amianthus, 201; 
Ammonia, or volatile alkal^, 169, 

181, 188 
Ammoniacal gas, 188 

how obtained, 191 
Analysis, 138 

of vegetables, 241. 
Animals, 288. 
Animal acids, 292 

colors, 294 
« heat, 311 

oil, 292 
Animaligation, 287, 295 
Antidotes, 191 
Antimony, 20 
A(^uafortis,.216 



Aqua regia, 160 
Arrak, 262 
Argand's lamp, 107 
Arsenic, 20 163, 165 
Arteries, 298 
Arterial blood, 306, 30$. 
Asphaltum, 270( 
Assafoetida, 249 
Assimilation, 297 
Astringent principle, 253 
Atmosphere, 61, 95, 108 
Atmospheri<»l, air, 95 
Attraction of aggregation, or e^ 

heaion, 21, 171 
Attraction of composition , 2^1^ 

171 
Azote, or nitrogen, 214 
Azotic gas, 95 



Balsams, 249 
Balloons, 122 
Bark, 28^ 
Barytes, 192, 197- 
Basis of acids, 204 

gases, 30 

salts, 172 
Beer, 258 

Benzoic acid, 204, 253 
Bile, 303 
Birds, 297 
Bismuth, 20 
Bitumens, 270^ 

Black lead, or plumbago, 145*^ 
Bleaching, 210 
Blow-pipe, 140, 153 
Blood, 303, 305 
Bk)od-yessel8, 309 
Boiling water, 67 
Bombic acid, 292, 204 
Bones, 295 

Boracic acid, 204, 226* 
Boracium, 19, 227 
Borat of soda, 227, 
Brandy, 261 
Brass, 162 



Digitized 



by Google 



999 



Bfead,3d4 
Bricks, 197 
Brittle metals, 90 
Bronze, 162 
Butter, 318 
Butter-milk, 3ia 



Calcareous earths, ^34 
stones, 2da 
Calcium, 2Q 
Caloric, 39 

absorption of, 46. 

conductors of, 48: 

combined, 69 

expensive power of, 30,31 

equilibrium of, 39 

reflection of, 46 

radiation of, 40, 43 

solvent power of, 59. 

capacity for, 70. 
Calorimeter, 83 
Calx, 102 V 
Camphor, 240 
Camphoric acid, 204, 253 
Caoutchouc, 240, 249 
Carbonats, 226 
Carbonat of ammonia, 29Q 

lead, 150 

lime, 199 

magnesia, 20L 

potash, 184 
Carbonated hydrogen gas, 144 
Carbon, 137 
Carbonic acid, 14S, 
Carburet of iron, 145 
Carmine, 294 
Cartilage, 297 
Castor, 321 

Cellular membrane, 300 
Caustics, 164 
Chalk, 199, 226 
Charcoal, 137 
Cheese, 320 
Chemical attraction, ^1 
Chemistry, ISi 
Chest, 305 
China, 197 
Chlorine, 18 
Chrome, 20 
Chyle, 298 
Chyme, ^3 
Citric acid, 204, 253 
Circulation of the blood, SIQ5 

Ciyet,3^l 



Clay, 38 
Coke, 270 
Coal, 270 
Cobalt, 20 
Cochineal, 274 
Cold, 40 

from evaporation, 80 
Colors of metallic oxyds, 151 
Columbium^ 20 
Combined Caloric, 69 
Combujstipn, 99 
- volatile products of, 107 

fixed products of, ]j07 ' 

of alcohol, 263 

of ammoniacal gas^ 188 

of boracium, 227 

by ox^-muriatic add, ot 
chlorine, 231 

of carbon, 140 

of coals, 119, 145 

of charcoal, by nitric acid^ 
215 

of candles, 118, 147 

of diamonds, 14P. 

of ether, 266 

of hydrogen, 109, 116 

of iron, 105 

of metals, 158 

of oils, 147 . 

of oil of turpentine by ni^ 
trous acid, 215 

of phosphorus, 133 

of sulphur, 128 

of potassium, 168 
Compound bodies, 17 

or neutral, salts, 182,. 
Conductors of heat, 44 

solids, 50 

fluids, 51 
Count Rumford's theory, 51. 
Constituent parts^ 17 
Copper, 260, 165 
Copal, 249 
Cortical layers, 282 
Cotyledons, or lobe, 278 
Cream, 318 
Cream of tartar, or tartrit of poK 

ash, 263 
Cryophorus, 82 
Crystallization, 159 
Cucurbit, 127 
Culinary heat, 55 
Curd, 319 

Cuticle, or epidermis, 300 
Cyanogen, 293 . 
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of 9ttDOBcheaetl air, M, 
100 

of wmter, by the Yolalk 
battenr, 112 

•f salts bj the Yolitie bit- 
tery, 179 

•f water by metab, 113 
Weaibon, 144 

of Tegetables, 364 

•f potash, 168 

of soda, 169 

of ammonia, 169 

of the bmracie acid, S37 

of the floorie acid, 228 

of the muriatie aod, 229 
Deflagration, 221 
Befimte proportions, 177 
Dehquescenoe, 21L 
Detonation, 11$, 123 
Dew, 62 
Diamond, 128 
Diaphragm, 304 
Digestion, 302 

DiMolation of metals, 87, 157 
Distillation, 127, 208 

of red wine, 261 
DiTellent forces, 176 
DiTision, 16 
Drying oOs, 246 
Dyeing, 250 

E 

Sarths, 181 
Earthen ware, 197 
E^rvescence, 157 
Efflorescence, 211 
Elastic fluids, Sh 
Electricity, 86, 90, 92 
Electric machine, 88 
inectro-magnetism, 94 
Elective attraction, 174 
Elementary bodies, 17 
Elixirs, tinctures, or quintescen- 

ces, 263 
Enamel, 197 
Epidermis of vegetables, 282 

of ammals, 300 
Epsom salu, 20L 
Equilibrium of caloric, 39 
Essences, 147, 247 
Essential or volatile oils, 147, 247 
Ether, 65, 205 
Srai^oration, 6L 



EteigioeDS, 286 
EadkMnetCT, 134 
Ezpanaioo of edotie, 36 
Kitiirtife enomig i 



Falling stoned, 161 
Fat, 318 
Feathers, 996 
Feeiila,244 
Fermentation, 356 
Fibrine, 287, 292 
Fire, 16, 26 
B^, 316 

Fixed air, or eaibonie add, 140 
233 

alkalies, 121 

oils, 146, 245 

products of combiiBlion,10& 
Plame, 119 
Flint, 185, 195 
Flower of blossom, 284 
Flnoric acid, 228 
Floorium, or Fhiorioe, 28, 229" 
Formic^acid, 292 
Fossil wood, 271 
Frankincense, 249 
Free or radiant calorie, or heat 

of temperature, 29 
Freezing mixtures, 77 

by evaporation^ 65, 9&'' 
Frost, 62 
Fruit, 285 
FuUer's earth, 196 
Furnace, 145, 150 

G 

Galls, 253 

Gallat, of iron, 213 

Gallic acid, 213, 253 

Galvanism, 85 

Gas, 95 

Gas-lights, 120 

Gaseous oxyd of carbon, oitro^ 

gen, 142, 217 
Grastric juice, 302 
Gelatine, or jelly, 287, 288 
Germination, 277 
Gift, 262 
Glanda, 295, 299 
Glass, 185 
Glauber's salts, or so^hal 9$i 

soda, 184 
Glazing, 197 

Glacium,. Id- 
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Olue, 189 
Glaten, 344 
Gold, 20, 160 
Gam, 242 

arable, 232 

elastic, or caoatchoac, 249 

resins, 249 
Gunpowder, 221 
Gypsum, or plaster of Paris, or 
sulphat of lime, 212 



Hair, 289 

Harrogate water, 132 

Hartshorn, 188, 190 

Hfeart, 305 

wood, 263 

Heat, 26 

of capacity, 71, 74 
of temperature, 29 

Honey, 244 

Horns, 289 

Hydro-carbonat, 124, 145 

Hydrogen, 109 

gas, 110 

I&J 
Jasper, 195 
|[ce, 83 \ 
Jelly, 289 
Jet, 270 
Ignes fatui, 135 
Ignition, 68 

imponderable agents, 18 
Inflammable air, 109 
Ink, 213 
Insects, 254 
Integrant parts, 17 
Iodine, 109, 287 
Iridium, 20 
Iron, 20, 150, 161 
Isinglass, 289 
Ivory black, 294 



KaU, 187 
Koumiss, ! 



Lac, 321 

Lactic acid, 292, 320 

Lakes, colors, 250 

Lamp without flame, 107, 322 

Latent heat, 73 

LaTcnder water, 263 



Lead, ^, 151, 156 
Leather, 251, 291 
Leaves, 280 
Life, 239 
Ligaments, 296 
Light, 18 
Lightning, 215 
Lime, 198 
Lime water, 199 
Limestone, 198 
Linseed oil, 246 
Liqueurs, 263 
Liver, 299 
Lobes, 278, 309 

Lunar caustic, or nitrat of sil- 
ver, 164, 222 
Lungs, 307, 309 
Lymph, 298 
Ljrmphatic vessels, 293 

M 

Magnetic, nee^e, 94 

Magnesia, 201 

Magnium, 19 

Malic acid, 204, 253 

Malt, 258 

Malleable metals, 20 

Manganese, 20, 150 

Manna, 241 

Manure, 274 • 

Marble, 226 

Marine acid, ormuriatio add, 229 

Mastic, 249, 263 

Materials of animals, 287 

of vegetables, 239 
Mercury, 20, 162 

new mode of fireezkig, 83, 
163 
Metallic acids 160 
oxyds, 150 
Metals, 149 
Meteoric stones, 161 
Mica, 201 
Milk, 288, 299 
Minerals, 150 
Mineral waters, 143 

acids, 203 
Miner's lamp, 125 
Mixture, 60 
Molybdena, 20, 160 
Mordant, 250 
Mortar, 201 
Mucilage, 241 
Mucous acid, 204, 941 

membrane, 800 
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Montic acid, or marine add, 

229 
Muriats, 234 
Mariat of ammonia, 188^ 287 

lime, 78 

soda, or common salt, 
187,234 

potash, 235 
Mnnatom, 19 
Muscles of animals, 295 
Musk, 321 
Myrrh, 249 



Oxalic acid, 204, 253 

Oxyds, 102, 157 

Oxyd of manganese, 105 

iron, 102 

lead, 151 

sulphur, 201 
Oxydation, or oxygenation, 157 
Oxygen, 18, 129 

^as, or vital air, 95 
Oxy-munatic acid, 230 
Oxy-muriats, 235 
Oxy-muriat of potash, 225 



N 
.Naphtha, 270 

Negative electricity, 25, 84, 88 
Nerves, 299 

Neutral, or compound salts, 202 
Nickel, 20, 161 

Nitre, or nitrat of potash, or salt- 
petre, 215, 224 
Nitric acid, 214 
Nitrogen, or azote, 96 

p8,96 
Nitro-munatic add, or aqua regia, 

160 
Nitrous add gas, 217 

air, or mtric oxyd gas, 
218 
Nitrats, 221 
Nitrat of copper, 165 * 
ammonia, 219, 221 
potash, or nitre, or saltpe- 
tre, 215 
silver, or lunar caustic, 
222 
Nomenclature of adds, 202 

compound salts, 172 
Nomenclature of other binary com- 
pounds, 135 
Nut-galls, 213 
Nut-oil, 245 
Nutrition, 295 



Ochres, 151 
Oils, 146, 247 
Oil of amber, 271 

' vitriol, or sulphuric add, 
206 
Olive-oil, 245 
Ores, 150 

Organized bodies, 239 
Organs of animals, 299 
vegetables, 239 
Omiom, 20, 163 



Palladium, 20, 163 

Papin's digester, 290 

Parenchyma, 277, 283 

Particles, 21 

Pearl-ash, 183 

Peat, 271 

Peculiar juice of plants, 283 

Perfect metals, 20, 153 

Perfumes, 247 

Perspiration, 310 

Petrifaction, 269 

Pewter, 162 

Pharmacy, 14 

Phosphat of lime, 213 

Phosphoretted hydrogen gas> 

135 
Phosphorescence, 28 
Phosphoric acid, 213 
Phosphorus, 132 « 

acid, 213 
Phosphoret of lime, 135 

sulphur, 136 
Pitch, 248 
Plaster, 201 
Platina, 20, 153 
Platina ignited by a lamp witli- 

out a flame, 322 
Plating, 162 

Plumbago, or black lead, 161 
Plumula, 278 
Porcelain 197 

Positive electricity, 25, 84, 88 
Pbtassium, 168 
Pottery, 197 
Potash, 182 
Precipitate, 24 
Pressure of the atmosphere, 67, 

68 
Printers* Ink, 232 
Prussiat of iron, or I^russiaD 
blue, 294 
potash 293 
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*]fru8sic acid, 393 
Putrid fermentation /268, 321 
Pyrites 212, 161 
Pyrometer, 32 



Quicklime, 198 
Quiescent forces, 176 

R 

Radiation of caloric, 89 

Prevost's theory, 40 
Pictet's explanations, 4 
Leslie's illustrations, 44 

Radicals, 202, 206 

Radicle, or root, 278 

Rain, 62 

Rancidity, 246 

Rectification, 262 

Reflection of caloric, 40, 44 

Reptiles, 317 

Resins, 248 

Respiration, 300, 303 

Reviving of metals, 156 

Rhodium, 20, 163 

Roasting metals, 150 

Rock crystal, 195 

Ruby, 193 • 

Rum, 261 

Rust, 150, 155 

S 
Saccharine fermentation, 257 
Sal ammoniac, or muriat of am- 
monia, 188 

polychrest, or sulphat of pot- 
ash, 210 

volatDe, or carbonat of ammo- 
nia, 190 
Salifiable basis, 172 
Salifying principles, 172 
Saltpetre, or mtre, or nitrat of 

potash, 220 
Salt, 210 
Sand, 195 
Sandstone, 195 
Sap of plants, 257, 241, 283 
Sapphire, 193 
Saturation, 60 
Seas, temperature of, 54 
Sebacic acid, 246 
Secretions, 292 
Seeds of plants, 258, 285 
Seltzer water, 143, 200 
Senses, 300 
Silex, or silicia, 195, 191 



Silicium, 19 

Silk, 321 

Silver, 153 

Simple bodies, 18 

Size, 289 

Skin, 288 

Slacking of lime, 300 

Slate, 196 

Smelting metals, 150 

Smoke, 107 

Soap, 183 

Soda, 187, 169 

water, 143 
Sodium, 19, 169 
Soils, 273 
Soldering, 162 
Solubility, 211 
Solution, 58 

by the air, 61 

of potash, 185 
Specific heat, 70 
Spermaceti, 320 
Spirits, 261 
Spirit lamp, 364 
Starch-sugar, 242 
Steam, 68, 76 
Steel, 146 
Stomach, 302 
Stones, 193 
Stucco, 201 
Strontites, 201 
Strontium, 19 
Suberic acid, 204, 253 
Sublimation, 127 
Succin, or yelloT^ amber, 271 
Succinic acid, 204, 253 
Sugar, 240, 259 

of milk, 319 
Sulphats, 211 
Super-oxygenated sulphuric 

acid, 202 
Sulphat of alumine, or alum 

196, 212 

harytes, 198 

iron, 212 

lime, or gypsum, or plaa- 
ter of Paris, 212 

magnesia, or Epsom salt, 
201, 212 

potash, or sal polychrest, 
210 

soda, or Glauber's salts 
21 
Sulphur, 126 

flowers of, 127 
Sulphuretted hydrogen gas, 131 
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Salphorets, 160 
Solphoreoiis add, 130, 908 
Sulphtirio add, 907 
Sympathetio ink, 165 
Synthesis, 138 



Tan, 251 

Tannin, 951 

Tar, 248 

Tartarous acid, 253 

Tartrit of potash, 254 

Teeth, 296 

Tellurium, 20 

Temperature, 29 

Thaw, 85 

Thermometers, 34, 35 
Fahrenheit's, 34 
Reaumur's, 34 
Centrigrade, 34 
air. 35 
dif^rential, 36 

Thunder, 123 

'Hn, 20 

Titanium, 20, 163 

Turf, 270 

Turpentine, 173 

Transpiration of plants, 279 

Tungsten, 20, 160 



Vapor, 68, 76, 266 
Vaporization, 61 
Varnishes, 249 
Vegetables, 238 
Vegetable acid, 240, 148 

colors, 250 

heat, 285 

oils, 244 
Veins, 301, 306 
Venous blood, 306, 308 
Ventricles, 307 



Verdigris, 165 

Ve^8^,298 

Vinegar, 267 

Vinous fermentation, 958 

Vital air, or oxygen g[as, 96 

Vitriol, or snlphat of iron, 906 

Volatile oils, 940, 944, 947 

products of combustion 
106 

alkali, 181, 188 
Voltaic battery, 86, 149, 153, 166 
179 

U 
Uranium, 90 

W 

Water, 109, 113 

decoi]^;>osition of, by elec- 

tridty, 113 
of the sea, 54 
condensation of, 54 
boiling, 58 
solution by, 58 
of crystallization, 159 

Wax, 320, 245 

Whey, 318 

"'me, 258 
ood, 283 

Woody fibre, 240, 252 

Wool, 296 



Yeast, 267 
Yttria, 192 
Yttrium, 19 



J^c, 19 
Zicomia 192 
Zincomium, 19 
Zoonic add, 204, 292 



Digitized 



byGoogk 



Digitized 



by Google 



C -/ V. 



Digitized 



by Google 



Digitized 



by Google 



Digitized 



by Google 



Digitized 



by Google 



Digitized 



by Google 



